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Frequently Asked Questions 
 
The following are Frequently Asked Questions (FAQs) in relation to the sanitary sewer system. 
 

Q: How do I know if my flooding was from overland flooding or a sanitary sewage backup?  

A: Usually, the smell test is best; if the flooding comes up through the basement drain and smells like 

sewage, it is likely from the sanitary sewer. Flooding that comes in from windows, cracked basement walls, 

or exterior doors is most likely due to surface flooding from stormwater or high groundwater along the 

foundation wall.  

  

Q: What is the difference between a stormwater collection system and a sanitary sewage collection system?  

What is a combined system?  Do all Cities have the same systems as Midland?  

A: A stormwater collection system is designed to collect and convey only surface runoff from roads, 

parking lots, rooftops, grassed areas, and other natural surfaces. Stormwater is generally discharged to 

receiving water bodies with minimal or no treatment.  A sanitary sewage collection system is designed to 

collect only wastewater from residents, businesses, and industrial operations. Wastewater is treated and 

disinfected before being discharged to receiving water bodies.  Combined sewers collect both wastewater 

and stormwater. Although most combined sewage goes to a treatment plant, during large storm events a 

combined system is designed to relieve itself and overflow into receiving water bodies. Combined sewer 

systems are a relic of old design standards, and many communities have systematically eliminated their 

combined sewers in favor of separate sanitary and storm systems. The City of Midland has separate 

wastewater and stormwater collection systems.  

  

Q: Why are Midland’s storm and sanitary systems considered separated if the footing drains are still 

connected to the sanitary sewage system.  

A: Most communities deal with this issue. In the 1950s and 1960s, it was common to connect footing 

drains to the sanitary sewer, as it was the only sewer deep enough to connect to (storm sewers are usually 

too shallow for this connection).  Building standards have evolved, and it is no longer acceptable to connect 

footing drains to sanitary sewers.  Cities throughout Michigan have been addressing this issue by 

disconnecting footing drains from the sanitary sewers and connecting them to storm sewers or discharging 

them to rear yards.  
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Q: What is a footing drain?  

A: A footing drain is a perforated (slotted) pipe that is installed around the perimeter of a home’s 

foundation (around the bottom exterior of the basement or foundation wall). These pipes allow the sandy 

soils along the outside of the foundation wall to drain and therefore avoid excessive pressures which can 

cause walls to crack and basements to flood. Many footing drains installed prior to 1987 are connected 

directly to the sanitary sewer and are partially responsible for excessive flows in the sanitary sewer system. 

Flow from footing drains is typically discharged to a nearby storm sewer (which is larger and can handle 

the water from footing drains) or to a home’s rear yard.  

  

Q: What can I install in my home to prevent flooding from occurring again?  

A: The risk of flooding can never be eliminated, but it can be reduced by minimizing the potential for 

surface water or sanitary sewage to access your home through basement drains, foundation cracks, 

windows, and doors.  Installing a sanitary sump pump in your basement for your sewage pipes will isolate 

your basement drain from the sewer main.  This will isolate your home and reduce the risk of backflow 

and basement backups.  If you have a footing drain, hire a contractor to determine whether it connects to 

the sanitary or storm sewer. If it connects to the sanitary sewer, disconnect it, install a sump pump for the 

footing drain, and reconnect it to the storm sewer or discharge it to the surface at the lowest point on your 

property.  It is wise to regularly inspect and replace sump pumps, as they will wear out and fail; often 

within 10-15 years of installation.  You can also install a back-up pump to avoid basement flooding.  Some 

flooding is difficult to prevent. If your home is within or adjacent to a floodplain, occasional 

overland/surface flooding may occur.  This type of flooding is not preventable, although if you have low-

lying windows or doors, you can prevent flooding in your home by temporarily installing sand bags to 

isolate your home from floodwaters. 

 

Q: Why did my neighborhood flood when other City neighborhoods did not?  

A: There are many potential explanations for this:  

• Your neighborhood is at a lower elevation than other neighborhoods and is more susceptible to 

flooding due to rising creek/river levels. 

• Your neighborhood is connected to a sanitary and/or storm sewer that is older and was built under 

outdated design standards; this causes the sewer to back up more often than newer sewers.  

• Your neighborhood is older, with most homes built under outdated building code and plumbing 

standards. This may result in footing drains and basement floor drains being directly connected to 

sewers that frequently back up.   

  



 

  City of Midland 
  Storm and Sanitary Sewer Study 
y:\201705\20170595\03_studies\working\report\20180827_final2\20180827_volume3_sanitary.docx viii Volume 3 – Sanitary Sewer Study 
  

Q: Why did my house flood when my neighbor’s did not?  

A: There are many potential explanations for this:  

• Your neighbor may have sump pumps that isolate/protect their home from the sewer systems.  

• Your neighbor’s home may be at a higher elevation than yours (even a minor, say, one foot, 

difference in first floor or basement elevation can be enough to make the difference between 

flooding and not flooding.  

• There may be a blockage in the sewer main between your and your neighbor’s homes, where the 

blockage impacted your home but your neighbor was downstream of the blockage.  

• Your neighbor’s foundation wall is in excellent structural condition with no cracking and adequate 

waterproofing, while your foundation wall has minor cracking that allows seepage during wet 

weather.   

  

Q: How often are the sanitary and storm pipes inspected?  

A: The City performs a 2-year sanitary sewer inspection frequency which includes cleaning of all sewers 

and televising of sewers with known maintenance issues.  Storm sewers are inspected as maintenance 

needs arise.  
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Section 1  -  Executive Summary 
 

A significant rain event occurred between June 17 to June 24, 2017 that resulted in city-wide flooding for 

the City of Midland, significant enough for the event to be declared a Presidential Disaster (refer to Section 

3 for detailed review of the June event).  As a result, the City commissioned a study on their storm and 

sanitary sewer systems by the Joint Venture team of Orchard, Hiltz & McCliment (OHM) and Hubbell, 

Roth & Clark (HRC).  OHM reviewed the storm system and the results of that study are included in Volume 

2 of this 3-volume report.  HRC reviewed the sanitary system and the results of that study are included in 

this volume, Volume 3. 

 

The City’s sanitary sewer system is quite complex with a history that dates back nearly 90 years.  The 

original sewer system was built as combined sewers starting in the 1930s.  In the 1950s, newly developed 

areas were built using two separate sewers systems; storm sewers and sanitary sewers.  Starting in the 

1970s, due to the impact of excess flows at the wastewater treatment plant (WWTP), the City started to 

separate the combined sewers; this process of separation took 25 years to accomplish and was completed 

in 1995.  An extreme 200-year rain event occurred in 1996 causing city-wide flooding that resulted in a 

decade of studies, design, and city-wide votes, that culminated in the construction of several improvements 

through the system and at the WWTP.  While the original set of recommended improvements were for the 

storm and sanitary sewer systems, the improvements that were ultimately constructed were focused on the 

sanitary system and were designed based on the best information that was available at that time (refer to 

Section 2 for a more detailed system history). 

 

The primary purpose of this current study is to evaluate potential sanitary sewer improvements that would 

reduce and eliminate sanitary sewer flooding for the design event (i.e. 25-year, 24-hour).  In order to meet 

the goals of this study, the entire sanitary sewer system was input into a computer model which allowed 

for review of system dynamics under the simulated design event.  The model was developed and calibrated 

based on the best information that was available.  It is recommended to continue to improve upon the 

model whenever additional system data is collected.  Refer to Sections 4 and 5 for detailed review of data 

collection and model development.  
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The primary findings of the sanitary sewer study indicate that excess flows affect system capacities and 

cause basement flooding primarily in the north half of the City.  There are many possible sources of excess 

flows that affect sanitary sewer flows.  These sources range from cracks in pipes and leaky pipe joints to 

uncapped clean-outs and storm cross-connections.  However, one of the largest sources of excess flow that 

is affecting the City of Midland’s sanitary sewer system are connected footing drains.  The second largest 

source of excess flows affecting the City are leaky sanitary sewer structures that are located in a floodplain 

or near any open water feature where water can pond overtop of the structure (refer to Section 6 for further 

discussion).  

 

As listed in Table 1-1 and shown in Figure 1-1, the study findings indicate that there are 20 areas of 

concern.   

Table 1-1: Study Findings 

Priority 1 Areas Priority 2 Areas Phase 2 - Future Study/Investigations 

1 Perrine Road Interceptor 9 Wilson Drive Gibson Street 

2 Whitewood Drive 10 Adams Road North Campau Drive 

3 Sylvan Pump Station 11 East Sugnet Road Sylvan Pines 

4 Moorland Pump Station 12 East St. Andrews Road Crescent Drive 

5 Jefferson Pump Station     Norwich Court 

6 Sylvan Lane     * Pump Station Inspections 

7 Sturgeon Avenue     * Flood Prone Structure Inspections 

8 Jefferson Avenue     * Miscellaneous 

* items are not included in Figure 1-1   
 

Of the 20 areas identified, eight (8) are identified as Phase 2 study/investigation areas that require 

additional information and 12 areas are identified as priority projects with multiple improvement 

alternatives identified for each area.  The primary alternatives are footing drain disconnection, increased 

conveyance through larger pipes or parallel relief and/or pump station improvements, and offline storage 

facilities.  It is important to note that alternatives that increase the system conveyance could result in added 

peak flows at the WWTP, thereby potentially requiring major capital costs and an increase to the plant’s 

yearly operation and maintenance (O&M) costs.  Evaluating WWTP capacity was outside the scope of this 

study; therefore, the cost-effectiveness and feasibility of increasing system conveyance will need to include 

an evaluation of WWTP capacity (both short-term capital costs and long-term O&M costs).  

 

There are numerous advantages and disadvantages to each type of improvement; however, the only 

alternative that permanently removes excess flows from the system thereby reducing operating costs and 

significantly increases the system’s level of service is excess rainfall dependent infiltration\inflow (RDII) 
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flow removal in the form of footing drain disconnection.  An additional alternative that will assist in 

removing excess flows from the system are sealing leaky pipe joints, sewers, manholes and other sanitary 

structures through a measured, comprehensive approach of evaluating and investigating the areas of 

concern.  Through the implementation of a comprehensive flow monitoring plan, data can be collected at 

strategic locations that will assist in fine tuning the list of recommended improvement projects, assist in 

the analysis of the Phase 2 study areas, aid in enhancing the model, and provide an overall baseline in 

system flows that will allow for evaluation of the effectiveness of selected improvement projects.  Refer 

to Sections 7, 8 and 9 for further discussion on recommended improvements. 

 

The City proactively engaged the public in open dialogue on the storm and sanitary sewer system studies 

by posting the reports on their website and opened an online survey between July 6 and August 8, 2018.  

The survey allowed the public to list questions, comments and feedback on either sewer system; and the 

City provided responses to each question posted (refer to Volume 1 for all public questions and City-posted 

answers).  Additionally, the City presented the storm and sanitary sewer study findings to the public during 

two (2) presentations in July 2018 where there was an open forum following the presentation to answer 

public questions.  All questions and answers discussed at the public meetings are included in Volume 1 

and the presentations are available to view on the City’s website.  It is recommended the City continue to 

engage the public as they progress through the short-term and long-term action items. 

 

The following are short-term action items related to the sanitary sewer system: 

 

Short-Term (next 12-24 months) 

In general, the short-term plan includes three (3) distinct categories of work that includes evaluation in the 

form of sanitary sewer flow metering, field investigations for the pump stations and the flood-prone sewers 

and developing a footing drain disconnection pilot program in the Whitewood subdivision area.  Each are 

generally described with an approximate duration as follows: 

 

1. Evaluation 

o Approximately 20 months 

• Develop monitoring plan 

• Purchase equipment 

• Install equipment and collect data 

• Data analysis and report 
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2. Field Investigations 

o Approximately 12 months 

• Perform pump station investigations 

• Perform field investigations of manholes and sewers 

• Data analysis and report 

 

3. Develop a Subdivision Footing Drain Disconnection Pilot Program (i.e. Whitewood Subdivision 

would be a good candidate) 

o Approximately 18 months (may extend to 30 months depending on number of voluntary 

footing drain disconnections) 

• Install flow monitoring equipment 

• Develop public engagement campaign 

• Conduct public engagement campaign 

• Obtain list of voluntary footing drain disconnections 

• Disconnect footing drains of homeowners that volunteer 

• Data collection 

• Data analysis and report 

 

Following the short-term plan activities, the City could host several public meetings to review the results 

of the Whitewood footing drain disconnection pilot program, as well as, the results of all the evaluation 

and field investigations along with the next steps.  The next steps are likely to include continued evaluation 

and field investigations in the priority areas determined from the metering, with rehabilitation in the areas 

already field investigated, and additional voluntary footing drain disconnects.   

 

Long-term action items, as described and recommended in Section 7, will be refined following the short-

term action plan.  These priority 1 and 2 capital improvement projects will likely consist of major sewer 

construction projects in the 12 priority areas listed in Table 1-1. 

 

In summary, the City has taken a major step towards reducing the impact of significant rain and flooding 

events through the commissioning of this study.  The recommended capital improvements are significant 

and should be addressed using a measured, comprehensive approach with proper planning for short-term 

and long-term studies, investigations and improvement projects.  This process will take time and it will be 
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important throughout the next several years of studying, investigating and improving of the sewer systems 

to continue to educate and engage the public on all aspects of this solution process. 
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Section 2  -  Introduction & System Background 
 

A. Purpose 

This study is a result of the flooding that occurred between June 17-24, 2017. This event revealed that 

portions of the City of Midland’s sewer infrastructure (both sanitary and storm sewer systems) are not 

capable of handling a storm event of the magnitude experienced. Widespread occurrences of yard and 

basement flooding signaled that the sewer systems in place may require investment to reduce flood risk in 

the future. As a result, the joint venture of Hubbell, Roth and Clark, Inc (HRC) and Orchard, Hiltz & 

McCliment (OHM) has been tasked to develop a computerized Storm W ater Management Model 

(SWMM) model of both the storm and sanitary sewer systems. HRC was tasked to study the sanitary sewer 

system and OHM the storm sewer system. HRC created a new SWMM model to review the sanitary 

collection system and develop alternative capital improvements to address system needs to mitigate 

sanitary sewer overflows (SSO) and basement flooding for a 25-Year, 24-Hour design event. The overall 

scope of services included: 

 

1. Data Collection 

2. Updated GIS geodatabase 

3. SWMM model development 

4. Public Engagement 

5. Level of service findings 

6. Recent improvements to the sanitary sewer system    

7. Capital Improvement Plan 

8. Scoping for suggested phase 2 improvements 

 

B. Study Area Characteristics 

The City of Midland is located in the central eastern portion of Michigan's Lower Peninsula, approximately 

125 miles northwest of Detroit and 86 miles northeast of Lansing, at the convergence of the Tittabawassee, 

Chippewa, and Pine Rivers. The study area comprises approximately 35 square miles within Midland 

County and includes the City of Midland and portions of Larkin, Lincoln, Homer, Ingersoll and Midland 

Townships in Midland County and Williams Township in Bay County that are located in the Midland 

Urban Growth Area. The land use within the study area is varied with approximately 22% residential, 49% 

non-residential (i.e. shopping, commercial, industrial, parks and recreation), and 29% vacant. 
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C. Study Area Sanitary System History 

The City of Midland’s sanitary sewer system dates back to the 1930’s with the construction of a combined 

sewer system. In 1939, the City’s first Waste Water Treatment Plant (WWTP) was constructed. In the mid 

1950’s the City started building separated sanitary and storm sewer systems. During the 1970’s many 

improvements were made to the City’s sewer network with the installation of additional pump stations, 

construction of relief sewers and a retention basin, and the initiation of the combined sewer separation 

program. Combined sewer separation continued through the 1980’s and in 1987 the City Council resolved 

to ban new footing drain connections to the sanitary sewer system. In 1995, the City of Midland completed 

its combined sewer separation program. 

 

In June of 1996, the City experienced a 200-year storm event which resulted in numerous basement 

floodings and untreated SSOs to the Tittabawassee River. Following this heavy rainfall event, the City of 

Midland initiated a phased program to study and develop solutions for the basement and overland flooding 

that occurred throughout the City. The following is a description of the phased program conducted: 

 

Phase 1 and 2 Studies (May 1997 and June 1998) 

A study of the sanitary and storm sewer systems was commissioned after the June 21, 1996 rain event. 

That event totaled 3.96 inches over a period of 2.5 hours, with a peak one-hour intensity of 2.26 inch per 

hour. The sanitary and storm sewers were studied, and recommendations were issued. Recommendations 

for the sanitary system included the construction of relief sewers and storage facilities, increases to pump 

station and sewer capacities, and the disconnection of footing drains from the sanitary sewer system. 

Alternatives for the storm water system included the construction of relief storm sewers, and the 

construction of a combination of open and underground storage facilities. These alternatives were 

developed in the Phase 1 study, with preliminary designs for each prepared in the Phase 2 report.  

 

The Phase 1 study also included a review of operations and maintenance practices for the City’s sewer 

systems. The City performs a 2-year sanitary sewer inspection frequency which includes cleaning of all 

sewers and televising of sewers with known maintenance issues; the frequency of cleaning exceeds 

industry standards.  

 

The capital improvement recommendations issued in the Phase 2 report included a combination of relief 

sewers and a storage tunnel for the sanitary system.  
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Following the issuance of the Phase 2 report, a ballot question regarding these improvements was put 

before residents in November 1998. Midland voters rejected the proposal (i.e. proposed projects) due to 

large estimated project costs. Further study was then conducted to identify less costly alternatives. 

 

Flow Monitoring Study Work Plan (June 1999) 

A flow monitoring study was undertaken to verify the design basis of the recommended sanitary sewer 

alternatives. This flow monitoring study was also undertaken to satisfy an administrative consent order 

(ACO) issued to the City by the Michigan Department of Environmental (MDEQ). This same consent 

order mandated the construction of a 43.5 MG storage facility at the WWTP to mitigate sewer system 

SSOs. The objectives of the study were stated as follows: 

 

• To document for MDEQ the sanitary sewer system’s ability to transport the 25-year, 24-hour design 

storm event with or without wet antecedent conditions. 

• To identify areas with excessive infiltration/inflow. 

 

The study was undertaken for a period of two years, with meters installed in October 1999 and removed 

in October 2001.  

 

Phase 3 Study (July 1999) 

The Phase 3 study involved the detailed design of the alternatives selected following the rejected ballot 

proposal. Sanitary sewer improvements described in the report are as follows: 

 

• Construction of the WWTP 43.5 million gallons per day (MGD) Storage Basin.  

• Construction of the 11 MGD Nelson Pump Station (PS) which would handle flow from the portion of 

the Elizabeth district southeast of Ashman St. and northeast of Saginaw Rd. 

• Saginaw force main (FM) from Sugnet Road to WWTP. The FM collects flow from the 36-inch Sugnet 

FM and Nelson pump station (PS) and conveys flow to the WWTP.  

• Sugnet/Jefferson Pump Station 16-inch FM redirection. This recommendation was eliminated later in 

favor of abandoning that PS and constructing a new gravity sewer to take flow south along Jefferson 

to the Nelson PS. 

• Swede Rd reconnection of parallel 18-inch and 42-inch sewers. Geographical Information Systems 

(GIS) shows one interconnection completed at Ashman Rd. The idea was to connect these two parallel 

sewers to allow them to relieve each other.  
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• Pump station capacity increases by replacing existing pumps. These increases at three existing stations 

including: 

o Valley increase by 4 MGD 

o East Ashman increase by 2 MGD 

o Patrick Rd increase by 0.5 MGD 

 

These recommendations were all implemented. These sanitary system improvements were designed to a 

convey flow from a 50-year, 24-hour event which, at the time, was described as a rainfall of 2.7 inches 

over the course of 3-hours assuming dry antecedent conditions.  

 

Various storm sewer improvements were recommended for the George St. and Snake Creek basins. 

However, none of these recommendations were implemented. The City instead opted to focus on 

implementing the sanitary sewer system improvements, while further studying improvements to the storm 

water system.  

 

In February 2000, Midland voters approved a $15.8 million ballot initiative for improvements to the 

sanitary sewer system. Construction on the improvements began that year and were completed in June 

2002 at a cost of $13.6 million.  

 

Flow Monitoring Study (Issued April 2002, Revised August 2002) 

The two-year flow monitoring study was completed on schedule and a report was issued detailing the 

following findings:  

 

• Projected peak flow at the plant for the design event is 65 MGD 

• The sanitary sewer system receives excessive amount of inflow and infiltration in excess of 275 

gallons per day per capita in every district. 

• After factoring in improvements done during the course of the study, each district except Wyman was 

determined to have sufficient capacity to convey the peak 1-hour flow for 25-year, 24-hour design 

event based on modeling techniques and standards in use at that time. 

 

Phase 4 Study (September 2002) 

As the City continued the 5-year storm sewer cleaning schedule implemented after the 1996 event, many 

significant obstructions were discovered and removed. The removal of these blockages restored sufficient 

conveyance capacity to the Snake Creek basin that only minor capital improvements were found to be 
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necessary. Those improvements included increased capacity at McKeith Rd., and on Swede Ave. near the 

intersection with Plymouth St. Those improvements were completed in 2002 and 2003 respectively.  

 

Recommendations for the George St. basin consisted of the construction of a new outfall on the 

Tittabawassee River and 5,500 feet (ft) of relief sewer connecting the outfall to the existing 84-inch sewer 

at the intersection of Patrick Rd. and Bayliss St. The original recommendation consisted of 2,500 ft of 96-

inch sewer and 3,000 ft of 120-inch sewer, however the design was later revised to consist of about 4,500 

ft of 84-inch sewer and 1,000 ft of 72-inch sewer. That new relief sewer was completed in 2004.  

 

Post Improvement Flow Study (October 2004) 

Additional metering was conducted in the Wyman and State St. sanitary sewer districts to determine if 

these districts could convey the flow produced by the 25-year, 24-hour design storm. Smoke testing was 

conducted in these areas early in the study and cross connections between the storm and sanitary sewers 

were identified and eliminated. After these corrections were made, additional metering confirmed that both 

districts have sufficient capacity to convey flows generated by the design storm.  
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Section 3  -  June 2017 Rain Event 
 

A severe rain event occurred in the City of Midland in late June 2017 (the June event), which took place 

over a period of several days. The most intense period of rainfall occurred over the seven-day period 

between June 17 and June 24. During this period 7.46 inches of precipitation was recorded, with a peak 

intensity of 0.89 inches per hour. Per the National Oceanic and Atmospheric Administration (NOAA) 

Atlas 14 Volume 2, the recurrence interval for this seven-day event is estimated to be approximately 82-

years (refer to Table 3-1 and Appendix 3A for supporting information). An 82-year recurrence interval 

equates to a 1.2% chance of occurrence in any given year.  

Table 3-1: NOAA Recurrence Intervals for City of Midland 

Duration 

Precipitation Frequency Estimates 

1-
Year 

2-
Year 

5-
Year 

10-
Year 

25-
Year 

50-
Year 

100-
Year 

200-
Year 

500-
Year 

1000-
Year 

100% 50% 20% 10% 4% 2% 1% 0.5% 0.2% 0.1% 

5-min 0.28 0.33 0.42 0.49 0.60 0.69 0.78 0.88 1.02 1.12 

10-min 0.41 0.48 0.61 0.72 0.88 1.01 1.15 1.29 1.49 1.64 

15-min 0.50 0.59 0.74 0.88 1.08 1.23 1.40 1.57 1.82 2.01 

30-min 0.72 0.86 1.09 1.29 1.57 1.80 2.05 2.30 2.65 2.92 

60-min 0.94 1.11 1.41 1.68 2.06 2.38 2.71 3.06 3.54 3.92 

2-hr 1.15 1.36 1.74 2.07 2.56 2.95 3.37 3.81 4.43 4.93 

3-hr 1.27 1.50 1.91 2.28 2.83 3.29 3.77 4.29 5.02 5.61 

6-hr 1.49 1.74 2.20 2.62 3.28 3.84 4.45 5.11 6.07 6.85 

12-hr 1.76 2.01 2.49 2.96 3.71 4.38 5.12 5.95 7.16 8.17 

24-hr 2.05 2.30 2.82 3.35 4.20 4.98 5.84 6.82 8.26 9.46 

2-day 2.33 2.63 3.23 3.83 4.79 5.65 6.61 7.68 9.26 10.60 

3-day 2.54 2.86 3.49 4.11 5.10 5.98 6.97 8.06 9.67 11.00 

4-day 2.73 3.06 3.70 4.33 5.33 6.22 7.20 8.30 9.91 11.20 

7-day 3.24 3.59 4.27 4.91 5.93 6.82 7.79 8.87 10.40 11.70 

10-day 3.68 4.08 4.81 5.49 6.56 7.47 8.46 9.56 11.10 12.40 

20-day 4.93 5.48 6.44 7.31 8.61 9.68 10.80 12.10 13.80 15.20 

30-day 6.01 6.70 7.86 8.88 10.30 11.50 12.80 14.10 15.90 17.30 

45-day 7.46 8.31 9.70 10.90 12.50 13.80 15.00 16.30 18.10 19.40 

60-day 8.75 9.73 11.30 12.60 14.30 15.50 16.80 18.00 19.60 20.80 

 

In the four days following June 24, an additional 0.36 inches of rainfall was recorded, followed by seven 

dry days. June 17th was preceded by 12-days of dry weather, the last recorded rainfall had occurred on 

June 4-5, totaling 0.3 inches over those two days. The entire month of June rainfall is shown in Figure 3-

1.  
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This severe rainfall was also widespread, with similar rainfall volumes being reported throughout mid-

Michigan during that week. The City of Houghton Lake recorded 1.53 inches of rainfall, Mount Pleasant 

recorded 7.02 inches, and Saginaw reported 5.95 inches during the week of June 17, 2017 through June 

24, 2017. Rainfall totals for Alma were not easily available, but the Gratiot County newspaper reported 

“extensive rainfall” flooding at numerous spots along the Pine River that week. The rainfall at Houghton 

Lake, Mount Pleasant, and Alma are of particular importance as these cities are each upstream of Midland 

and are tributary to the Tittabawassee, Chippewa, and Pine Rivers respectively. The Chippewa and Pine 

rivers merge into the Tittabawassee river along the western and southern edges of the City of Midland. 

The Tittabawassee then continue southeast toward Saginaw (refer to Figure 3-2).  

 

This widespread rainfall in the City and the tributary areas upstream resulted in significant flooding in the 

rivers, creeks, and drains that flow through the City. In many areas the flood stage rose to levels which 

allowed flood waters to pour into manholes and enter the sanitary collection system through loose fitting 

covers, worn frames, or cracked chimneys.  

 

As the rain and flood waters seeped into the ground, they would have also been able to infiltrate through 

loose joints in sewers and manhole risers. These issues would all cause infiltration into the sanitary sewer 

during any typical rain event, but with rainfall and flooding this severe, the volume of infiltration during 

the June event would have been significantly greater.  

 

The resulting high river stage overwhelmed many parts of the sanitary sewer system, exceeding the 

system’s capacity, causing backups into residential basements in some areas, and/or flood waters 

inundating residential basements as well. During the event, City personnel mobilized to begin bypass 

pumping in known problem areas. This practice is performed during periods of excessively high flows 

associated with wet weather events and involves pumping water out of the sanitary sewers to relieve the 

pressure on the system. During the June event a total of approximately 7.27 million gallons (MG) was 

bypass pumped in the following areas: 

 

• Whitewood Dr. and Waldo Ave 

• Perrine Rd. and Stony Creek Dr. 

• Lancaster St. and Corrinne St. 

 

At the WWTP, high flows quickly filled the retention basin and storage basins. The SSO outlet from the 

basins was activated, allowing partially treated flow to bypass the plant and enter the storm sewers. Flow 
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into the plant overwhelmed the influent flumes and began pouring out of the screening building. The total 

estimated volume of SSO that overflowed from the retention treatment basin (RTB) due to this event was 

approximately 266 MG from June 23 to 29, 2017. 

 

Reports of basement flooding, surface flooding, and other damage were reported to the City by residents 

throughout Midland. City personnel recorded as much information as possible from these reports. 

Additional information was reported to Federal Emergency Management Agency (FEMA) through the 

claims process. Refer to Figure 3-3 for the resultant reported flooding map and Appendix 3B for larger 

version.  

 

The full effect of this event is evident when reviewing the gage data from United States Geological Survey 

(USGS) stream gage #04156000, that is in the Tittabawassee River within the City of Midland, in 

comparison to sanitary flows recorded at the WWTP. The flood stage in the City is when the USGS gage 

reaches a height of 24 feet; for the June event the stream gage recorded the 2nd highest gage height in the 

gage’s 79-year history of 32.15 feet (the highest on record is 33.89 feet recorded in September 1986). 

Figure 3-4 shows that the peak of the rainfall on June 23 resulted in a spike in flow at the WWTP; at this 

time the gage height was below 24 feet. As the precipitation receeded, the flows at the WWTP started to 

recede however the stage in the river continued to rise. Shortly after the river stage exceeded the 24-foot 

flood stage, flows recorded at the WWTP started to rise again as the manholes, pump stations and other 

structures were inundated with flood waters. Based on available data, it is estimated that at least 230 MG 

of flood waters entered the sanitary sewer over the course of 21 days (refer to Section 6 for more 

information).  

 

In order to support this finding of the river’s impact on the sanitary collection system, two prior events 

where the river stage (i.e. elevation) exceeded the City flood stage of 24 feet were also reviewed.  These 

events occurred April of 2013 and 2014, as shown in Figure 3-5 and Figure 3-6 respectively, and crested 

above the City flood stage by approximately 4 feet for both events.  It should be noted that neither of these 

events impacted the City’s sanitary collection system as significantly as the June 2017 event, which crested 

approximately 8 feet above the City’s flood stage. However, when plotting actual stream elevation, WWTP 

flow and the City’s 24-foot flood stage, related to these two April Events, it is clearly shown that flood 

waters in the Tittabawasee River did impact the City’s sanitary collection system.  

 

In addition, the wet well levels in the Wyman Pump Station were reviewed.  This is one of the City’s larger 

pump stations located within the flood prone area of the City located approximately 250 feet east of the 
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Tittabawasee between Isabella and Gordon Streets.  Figure 3-7 shows the 24-foot flood stage, the actual 

river stage and the recorded level of the pump stations wet well.  This figure illustrates the flooding impacts 

of the 2017 Event on the pump stations wet well.  The level in the wet well rose far above normal as it 

began to pump not only the excess in-system sanitary flow but also the inflow of water from the 

Tittabawasee River. The flooding then caused the pump station to lose communication with the City’s 

network, resulting in gaps in the data log for that time period. Although some data is missing it is clear 

that the river rising above the City’s flood stage had a significant and immediate impact on flows in the 

sanitary sewer system. 

 

This is a significant volume of excess inflow into the City’s sanitary collection system that can be reduced 

by flood proofing manholes, pump stations and other structures that are in or near open channel water 

features such as rivers, creeks or streams. Figure 3-8 highlights sanitary sewer structures that are in or near 

open channel water features. Table 3-2 summarizes information that is displayed in Figure 3-8.  

Additionally, Table 3-3 lists linear footage of sanitary sewer that is near or crossing open channel water 

features.  

 

Table 3-2: Sanitary Sewer Structures In or Near Open Channel Water Features 

Item 

Number of Features 
Near Open Channel 

Water Feature 
Total Number of 

Features 

Percent of 
Features Near 
Open Channel 
Water Feature 

Sanitary Manholes 306 4,436 7% 

Sanitary Gravity Mains 391 4,433 9% 

Pump Stations 9 42 21% 

Reported Flooded Parcels 364 1,277 29% 

Parcels 1,836 16,863 11% 
* Criteria for "near water" is in 100-year floodplain or within 100' of open channel water feature 

 

Table 3-3: Sanitary Sewer Linear Footage In or Near Open Channel Water Features 

Item Length (mi) 
Total Length in 

System (mi) 

Percent of Features 
Near Open Channel 

Water Feature 

Sanitary Sewer Near Open 
Channel Water Feature 16.7 203.7 8% 

Sanitary Sewer Length Crossing 
an Open Channel Water Feature 1.8 203.7 1% 

Total Sanitary Sewer Length In 
or Near Open Channel Water 
Feature 18.5 203.7 9% 
* Criteria for "near water" is in 100-year floodplain or within 100' of open channel water feature 

** All sewer lengths are for gravity sewers   
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Additionally, the WWTP operators indicated that the amount of sediment that was collected at the WWTP 

for the 3.5 days that the river stage was higher than 24 feet was the equivalent of approximately 6 months 

of sediment that would be expected during normal conditions. While it is typical for the WWTP to 

experience higher than normal “grit loading” during rain events, the June 2017 event was “off the charts” 

as indicated by City staff.  

 

Therefore, it is recommended to verify that all manholes, pump stations, cleanouts, and any other sanitary 

structures that are in or near an open water feature are flood-proofed (refer to Sections 7 and 8 for more 

information). It is also important that all sewers in or near open water features, especially the sanitary 

sewers that cross an open water feature, are watertight and are televised routinely (during spring conditions 

if possible). Additionally, it is recommended to smoke test all sanitary manholes that are in or near an open 

water feature to verify that there are no cross-connections in these flood-prone areas.  
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Section 4  -  Data Collection 
 

Data used to model the sanitary sewer system was provided by the City from a variety of sources. These 

sources include archived Supervisory Control and Data Acquisition (SCADA) data, rainfall data, and 

geospatial data and are described as follows. 

 

A. Archived SCADA Data 

The City has, for many years, utilized Wonderware software to monitor and control various elements of 

the sanitary sewer system. Although the WWTP has recently been migrated to a new system, pump stations 

and various other portions of the collection system still collect and store data using the Wonderware 

system. This system stores data in a proprietary file making data retrieval generally difficult. Because this 

data is required for model calibration, the City purchased software called “LGH File Inspector” that 

allowed available data to be queried by date and downloaded into a Microsoft Excel worksheet. 

 

Data from this system was stored under “tags”, which serve as identifiers for each dataset collected. The 

tags themselves are not descriptive enough to determine the type of data being stored. Therefore, City staff 

were interviewed to clarify the type of data per tag. Although several dozen tags were queried, the tags 

listed in Table 4-1 were of key importance to this study.  

 

Table 4-1: Summary of Select Data Tags Queried 

Facility Tag Description Units 

WWTP Equalization Basin EQ-BASIN-LEVEL-TREND 
Depth of water in the 
Equalization basin 

Inches 

WWTP Retention Basin 
RET-BASIN-LEVEL-
TREND 

Depth of water in the 
Retention basin 

Inches 

WWTP Influent Flow Channel FLOW-TRD-INF-N 
Influent flow recorded in the 
WWTP’s North channel 

MGD* 

WWTP Influent Flow Channel FLOW-TRD-INF-S 
Flow recorded in the 
WWTP’s South influent 
channel 

MGD* 

WWTP Influent Flow Channel FLOW-TRD-INF-TOTAL 
Total flow recorded in the 
WWTP’s two influent flow 
channels 

MGD* 

Moorland PS MOORELAND-FLOW-TRD Effluent pump station flow gpm* 

East Ashman PS EASHMAN-FLOW-TRD Effluent pump station flow gpm* 

Mall PS EMALL-AVG-FLOW Effluent pump station flow gpm* 

*Gallons per minute (gpm) All flow data was recorded as a 60-minute moving average   
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Hourly data from these tags was retrieved for the timeframe from April 2009 through December 2017. 

Because of the significant amount of data being retrieved, these queries often took 8-12 hours before a 

complete dataset could be populated. Although it is possible to query multiple tags at once, this process 

was still slow and time consuming.  

 

B. Rainfall Data 

At the time of this study, the only source of historical rainfall data available for the City of Midland is from 

Barstow Airport, located in the northwest portion of the City (2800 Airport Rd, Midland, MI 48642). This 

data was retrieved from NOAA’s online database, which has data available going back to April 2009. The 

next closest NOAA rain gauge is at MBS airport in Saginaw; as this gauge is 8 miles from the City, it was 

not used for this study. The data included complete weather metrics and observations, recorded hourly. 

For the purpose of this study only the rainfall records were utilized.  

 

After retrieving this data, the time stamps were converted to the appropriate time zone. The raw data was 

recorded in Coordinated Universal Time (UTC), which was converted to local time. Care was taken to 

make the data switches between Eastern standard and daylight times at the appropriate dates. 

 

C. Geospatial Data 

The City’s sanitary sewer collection system network and configuration was primarily acquired through the 

City’s GIS database. The elements of the database related to storm and sanitary sewers were provided to 

the Joint Venture (JV). This GIS data contain sewer size, length, elevation and location information, along 

with other useful types of data. The City’s GIS system also contains a feature whereby PDFs of sewer as-

built drawings are accessible through the GIS interface via hyperlinks. These as-built drawings were used 

to check areas where the GIS data was confusing, contradictory, incomplete or otherwise unclear. 

 

The GIS data also included records of which parcels in the City reported flooding during the June 2017 

rain event. This data was gathered based on phone calls from residents who reported flooding. It is 

important to note that it was not always clear if the flooding reported by residents was due to issues with 

the sanitary sewer, or if it was related to storm sewer issues, overland flooding, rising river levels, or some 

other cause. City flood report records were combined with FEMA claim information related to June 2017 

flooding. Both data sets were input into GIS in order to develop a map which identifies which areas of the 

City were hardest hit by flooding. Refer to Appendix 3B for City flooding map from the June event.  
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Georeferenced water use records were also provided. Water use information is often useful for estimating 

dry weather flow (DWF) in a sanitary sewer. The georeferenced data allowed for estimates of DWF to be 

tailored to specific regions within the City. Additionally, through the mapping of the water use records, it 

was determined that several parcels around the perimeter of the City were not included in the City’s 

mapping of the sewer service area. After discussion with City staff it was determined that the sewer service 

area required modification to represent the inclusion of these parcels into the sewer district. This typically 

occurred in the northwest portion of the City. 

 

D. Pump Station and WWTP Information 

Where available, data was provided for the WWTP and pump stations including as-built drawings, pump 

curves, and operational information. This information was used to model the pump stations and interpret 

flow data for the WWTP. WWTP as-builts were provided from three different projects at the plant, 

occurring in 1962, 1970, and 1987. Pump station as-built information was provided for 27 of the 42 pump 

stations in the City. The data provided is summarized in Table 4-2 and Table 4-3 lists various pump station 

metrics.  
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Table 4-2: Available Pump Station Information 

        Pump Station Name 
Pump 
Curve 

Drawings 

Dry 
Well 

Wet Well 
Force 
Main 

1 Alpine •    

2 Chippewa •    

3 Clay • • • • 

4 Contractor Dr. • • • • 

5 Countryside • • • • 

6 Currie • • •  

7 Dublin •   • 

8 East Ashman • • •  

9 Eastman Sugnet •    

10 Elizabeth • •   

11 Emerson • • • • 

12 Fairgrounds • • • • 

13 Jefferson Wheeler •    

14 Kent •    

15 Landfill  • •  

16 Moorland  •   

17 Nelson • • •  

18 Patrick Jay  • • • 

19 Perrine •    

20 Rockwell  •   

21 Sandow • • • • 

22 Smith • • •  

23 State • • •  

24 Sugnet Concord •    

25 Sylvan • •  • 

26 Valley • •   

27 Wyman •    
Note: No as-built plans were available for Bay City Rd, Mall, Renee, 
Stoneridge, Stratford Pines, Stratford Park, Sugnet/ Concord, Sugnet/ 
St. Andrews, Towsley, Vance Rd, Wackerly/ Sturgeon, Walden 
Woods, Washington, Wheeler, or Winterberry pump stations. 
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Table 4-3: Pump Station Data Provided by City 

 

 

 

No. Pump Station Address Firm Capacity (gpm) Number of Pumps Type & Year Flow per Pump (gpm) Head (ft) Manufacturer Size (in) HP Generator Drive

1 Walden Woods 3018 Abigail Ln. 220 2 1987 Submersible 220 19 ABS 4 4

2 Fairgrounds 2510 Airport Rd. 250 2 1982 Submersible 250 40 Hydromatic 7.5

3 Winterberry 4915 Airport 66 2 2001 Submersible 66 32.8 ABS 37987 2

4 East Ashman 3499 E. Ashman 1820 2 2002 Submersible 1820 68 Flyght 6 60 Generac 150 kW Nat. Gas VFD

5 Landfill 4323 E. Ashman 315 2 1960 Smith-Lovelace 315 35 Smith & Loveless 4 7.5 Generac 40 KW Diesel

6 Clay Street 2000 Clay 730 2 Smith-Lovelace 730 94 Fairbanks-Morse 4 30 Onan 85 kW Nat. Gas

7 Emerson 100 Currie Pkwy. 3200 3 1959 Smith-Lovelace 1600 29 Smith & Loveless 6 20 Onan 80 kW Diesel

8 Currie 610 Currie Pkwy. 600 2 1961 Smith-Lovelace 600 54.5 Smith & Loveless 6 15 Share with Emerson

9 Dublin 3630 Dublin Ave. 300 2 1994 Submersible 300 52 Hydromatic 4 10

10 Mall 6642 Eastman Ave 400 2 1991 Submersible 400 55 Flyght 4 14.8 Onan 45kW Nat. Gas

11 Elizabeth 1613 Elizabeth 4900 3 1973 Usemco 2450 84 Usemco 6 75 VFD

12 Jefferson Acres 4790 Jefferson Ave 700 3 1988 Submersible 350 130 ABS 6 39

13 Kent Street 235 Kent 5060 4 1958 Custom 1100/2220 1740/2220 64 Fairbanks-Morse 6/8 10/8 25/40 50/40 Onan 230kW Diesel VFD

14 State Street 824 E. Main 1200 3 1994 Submersible 600 76 Fairbanks-Morse 4 20 Onan 50 kW Diesel VFD

15 Moorland 4250 Moorland Dr 950 2 1978 Usemco 950 26 Crane-Deming 6 10 Detroit 45kW Nat. Gas VFD

16 Patrick 4200 E. Patrick 1780 2 2002 Submersible 1780 121 Flyght 6 60

17 Rockwell 101 Rockwell Dr 400 2 1976 Sandberg 400 40 Allis-Chalmers 6 15

18 Bay City Road 425 Rockwell Dr 400 2 1976 Usemco 400 45 Crane-Deming 4 10

19 Stratford Pines 1901 Rockwell St 120 2 1985 Submersible 120 25 ABS 4 3 VFD

20 Smith 425 Smith Rd. 900 2 1988 Submersible 900 110 ABS 6 50 Detroit 200 kW Nat. Gas

21 Alpine 7321 N. Sturgeon 245 2 1976 Davco 245 55 Allis-Chalmers 4 10

22 Sugnet/Concord 709 E. Sugnet Rd 330 1 1979 Hydromatic 330 30 Hydromatic 4 5

23 Sugnet/St. Andrews 1330 E. Sugnet Rd 330 1 1979 Hydromatic 330 30 Hydromatic 4 5

24 Sugnet/Saginaw 700 W. Sugnet Rd. 2100 4 1973 Usemco 2100 68 Allis-Chalmers 6 50 Onan  200 KW Nat. Gas

25 Eastman Avenue 1800 W. Sugnet Rd 840 3 1988 Submersible 420 82 ABS 4 25

26 Valley 2900 W. Sugnet Rd 11000 4 2002 Usemco 1800/5500 90/120 Allis-Chalmers 8/10 75/215 Generac 500 kW Diesel VFD

27 Sylvan 904 Sylvan Ln. 4750 4 1988 Usemco 1050/1950 1400 x 2 65/125 Fairbanks-Morse 5 40/100 VFD

28 Towsley 400 Towsley 140 2 1936 Custom 400/140 21/50 Chicago Pump 4 5/5.5

29 Stoneridge 5406 Trailridge 125 2 1994 Submersible 125 23 Hydromatic 4 5

30 Vance Road 615 Vance Rd. 100 2 1991 Submersible 100 16 ABS 4 1.75

31 Wackerly/Sturgeon 3211 W. Wackerly 220 2 1989 Submersible 220 19 ABS 4 1.75

32 Washington 1098 Washington 50 2 1991 Submersible 50 100 ABS 1 ¼ 3.4

33 Wyman 115 Wyman St. 4200 4 1940 Custom 1400 88 Fairbanks-Morse 6 50 Onan 230 kW Diesel VFD

34 Renee 4911 Isabella 84 2 1998 Submersible 84 17 Flyght 4 2.2

35 Wheeler 3003 Wheeler 320 2 1996 Submersible 320 44 ABS Pump 4 9.4

36 Chippewa 1969 Chippewa River 170 2 1998 Submersible 170 21 Flyght 4 3

37 Perrine 7421 Perrine 500 2 2002 Submersible 500 40 ABS 6

38 Stratford Park 131 2 1976 Submersible 131 40 Hydromatic 4 5

39 Nelson 80 Ashman Circle 10000 5 2002 Submersible 700 x 2 5000 x 3 90 Flyght 6/12 30/215 Generac 500kW Diesel VFD

40 Countryside 6001 Countryside 320 2 2003 Submersible 320 87 ABS 4 12.1

41 Contractors Drive 3303 Contractor Dr 50 2 2009 Submersible 80 20 Flyght 4 3

42 Sandow 1105 Sandow 100 2 2009 Submersible 100 50 Flyght 4 7.5
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Section 5  -  Model Development 
 

The software used is the Environmental Protection Agency (EPA) Storm Water Management Model 

(SWMM) version 5.1.011. This fully dynamic model is comprised of two (2) main components; hydrology 

and hydraulics. The hydrology is the mechanism of generating flow in the sewer system, whereas, 

hydraulics is the general conveyance of that flow. Development of each component is described as follows. 

 

A. Hydrologic Model Development 

In general, the hydrology was generated based on three main components: dry weather flow (DWF), 

rainfall dependent infiltration/inflow (RDII) and rainfall. The DWF and RDII are dependent upon the 

delineated sewershed district/sub-district. Each are discussed as follows. 

 

1. Sewershed Delineation 

The City of Midland is 22,840 acres whereas the City’s sanitary sewer service area is a total of 

14,013 acres. Throughout the City there are a total of 42 pump stations, 4,436 sanitary manholes, 

approximately 1.1 million linear feet of sanitary sewers ranging in size from 6-inch to 48-inch, 

and approximately 135,000 linear feet of force main ranging in size from 4-inch to 42-inch. Refer 

to Table 5-1 for a break down of length of sewer per size and Figure 5-1 for sewer system map 

and Appendix 5A for a larger more detailed sewer map. 

 

The City’s pump station sewage districts were further divided up into approximately 300 

subdistricts. This process is important for model development as it allows for dry weather flow 

and RDII to be distributed proportionally throughout the model, without having to assign flows to 

every manhole individually. The average subdistrict contains 54 homes and covers roughly 46 

acres. Smaller subdistricts were delineated in areas with known flooding problems. This was done 

to provide more precision in these areas to evaluate the nature and potential causes of flooding. 

Refer to Appendix 5B for a subdistrict map. It is important to note that not every sewer will 

necessarily report flows as small tributaries of less than approximately 10 manholes were not 

generally delineated. Should a localized area be of interest to the City in the future, then the 

subdistrict can be further delineated as necessary. 
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Table 5-1: Sanitary Sewer Metrics 

Type Size (in) Length (ft) 
Percent of 

Total 

G
ra

v
it

y
 

Unknown                 2,761  0.3% 

Other                   322  0.0% 

6                 2,217  0.2% 

8               31,407  2.9% 

10             729,690  67.8% 

12             113,473  10.6% 

15               65,014  6.0% 

18               41,362  3.8% 

21               21,303  2.0% 

24               21,027  2.0% 

27                 5,296  0.5% 

30               15,504  1.4% 

36               16,195  1.5% 

42                 5,646  0.5% 

48                 4,236  0.4% 

TOTAL 
Gravity          1,075,452  100.0% 

F
o

rc
e 

M
ai

n
 

Other                   673  0.5% 

4                 4,931  3.7% 

6               17,630  13.1% 

8               15,011  11.1% 

10                 1,927  1.4% 

12               25,718  19.1% 

15                 3,142  2.3% 

16                 5,257  3.9% 

21                 5,254  3.9% 

24               25,582  18.9% 

30                 1,321  1.0% 

36               15,161  11.2% 

42               13,395  9.9% 

TOTAL FM             135,000  100.0% 

Total Gravity          1,075,452  88.8% 

Total Force Main             135,000  11.2% 

TOTAL SEWER          1,210,452  100.0% 

 

In general, subdistricts were drawn in GIS and named for the most upstream manhole, using the 

names provided in the City’s GIS database (refer to Figure 5-2 for example of subdistrict naming 

convention). The intent is that the name of the subdistrict is where the hydrologic parameters are 
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assigned. By placing the hydrologic parameters at the most upstream segment of a subdistrict is a 

conservative assumption. Upon simulation, this was revised as necessary under conditions where 

sewer reaches showed capacity issues that were skewed due to the assumed placement of 

hydrology.  

 

The subdistricts were analyzed using data provided by the City in order to determine important 

parameters including the average home age, winter water use rates, primary land use(s), 

predominant soil types, and other factors. This data was used to distribute DWF, assess the 

distribution of footing drain connections, and identify areas where soil infiltration rates may be 

above average. Refer to Appendix 5C for a table including the various pump station district and 

subdistrict characteristics. 

 

2. Dry Weather Flow 

DWF, or base flow, is normal sanitary loading that results from human activity. Sanitary loading 

comes from a variety of sources such as, residential, commercial, industrial and recreational uses. 

In order to evaluate DWF, data from the City’s WWTP was used and is described as follows. 

a. Waste Water Treatment Plant Data 

In general, the influent flume data was used to represent the flows entering the WWTP 

(refer to Section 4 for more information on data collection efforts). The data from influent 

flumes require correction to account for flows that are dewatered from the various sanitary 

basins. The WWTP is equipped with an equalization basin, retention basin, and storage 

basin. In general, these basins are used to store excess flow entering the plant until high 

flow conditions subside and the flow can be processed through the plant. Flow to these 

facilities is diverted downstream of the influent flumes at the plant. After being stored, the 

flow is dewatered to the raw sewage pump station and passes back through the influent 

flumes. Because the flumes are where influent flow data for the plant is collected, and 

because dewatered flow from the basins passes through these flumes twice, the flow data 

was corrected to prevent double counting this flow. Refer to Figure 5-3 for WWTP flow 

schematic. 

 

The correction was done by estimating the dewatered flow from the basins and subtracting 

it from the WWTP influent flow data. An estimate for dewatered flow was developed 
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using level versus time data from the basins in conjunction with the basin geometry 

thereby providing change in volume over time, or rate of flow. 

 

Utilizing the corrected influent data, the DWF pattern was established by reviewing the rainfall 

and WWTP flow data and identifying periods of long term dry weather, where flows stabilized to 

a clear diurnal pattern. Five periods were identified, each consisting of between 7 and 12 days, 

accounting for a combined 40 days of dry weather during growth conditions in review of 2013 to 

2017 data. Hourly flows for each day of the week were averaged to develop a typical DWF pattern. 

Average hourly DWF for a typical week is shown in Figure 5-4. 

 

In order to distribute the WWTP DWF data throughout the City, the winter water use records were 

obtained and spatially distributed using the City’s GIS. The spatially distributed water use records 

were summed up per sewer district and exported to Microsoft Excel. The WWTP DWF was then 

prorated to each subdistrict based on percentage of winter water use. The assumption being that 

each subdistricts percent contribution to winter water use was assumed to be equal to its 

proportional contribution to dry weather flow. 

 

3. RDII and RTK 

Rainfall dependent infiltration and inflow (RDII) is considered to be a wet weather phenomenon 

that results from stormwater runoff entering a sewer system directly through footing drains, 

connected sump pumps, openings in manholes located close to ground surfaces, leaks in sewer 

pipes, connected roof drains, etc. Refer to Figure 5-5.  

 

Typically, RDII is evaluated by subtracting the DWF from the observed flow for various selected 

events (event selection is discussed below in Section 5.A.3.a) resulting in the total 

infiltration/inflow per event. While reviewing each event, in some cases, base flow was modified 

to match the base flow prior to the event. This is sometimes required to account for antecedent 

moisture in the system. The total volume of RDII for each event was calculated and divided by the 

tributary area in order to develop a unitized inflow for each event.  

 

Each event was then plotted with rainfall depth on the horizontal axis and unitized inflow on the 

vertical axis. A linear regression line was developed for the data. The slope of this line represents 

the capture rate for the system, which is represented with the letter “R.” R is typically expressed 
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as a percentage and represents the average portion of rainfall that is captured by the sanitary sewer 

system during an event. 

 

Developing the capture of the system is the first step in developing a representative unit 

hydrograph.  

 

The unit hydrograph method that was used is known as the “RTK” method which is simply a 

special case of generating triangular hydrographs based on sewer flow data and rainfall data. It 

involves fitting a triangular hydrograph with three parameters: R, T and K where: 

 

• “R” is the fraction of rainfall over the sewershed that enters the sanitary sewer system 

(also known as the capture coefficient). It is the area of the triangle as shown in Figure 5-

6. 

• “T” is related to the time it takes after the start of an event to reach peak flow. 

• “K” is related to the time it takes for inflow to stop (often referred to as the receding leg 

of the hydrograph).    

 

T and K values were developed by reviewing the flow data and identifying patterns in the length 

and timing of the response to each rain event.  

 

Typically, in order to develop adequate representation of the sanitary sewer system, three separate 

triangles are required which represent: 

 

• Triangle 1 – rapid inflow 

• Triangle 2 – intermediate infiltration and inflow 

• Triangle 3 – long-term infiltration 

 

Therefore, a total of 9 variables are developed (R, T and K for each of the three triangles). The 

summation of these three triangles is equal to the total RDII for the event being evaluated (refer to 

Figure 5-7). 

 

In general, determining RTK variables requires review of hourly data for several representative 

rain events with known “boundary conditions.” Boundary conditions for the collection system 

refer to any system operation that may by-pass or diverge flow to or from another sewer district, 
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or any unique operation that changes the way the district may normally function. The RTK values 

for a larger district can be applied to smaller internal sub-districts with tributary area being the 

only variable that fluctuates within a defined “RTK sewer district.”  

 

For the City of Midland, the initial RTK sewer district was considered as the entire City using 

hourly data from the influent to the WWTP and corresponding hourly rainfall from the Barstow 

Airport. The rain event selection process is discussed as follows. 

a. Rain Event Selection 

Rainfall data from January 2013 through October 2017 was obtained from the Barstow 

Airport. This data was plotted with the WWTP influent data and 11 “growing season” 

events were initially selected where significant rainfall intensities resulted in a response 

in the WWTP data. Growing season events, or “growth” events, are those events that occur 

between the months of mid-May through November, whereas “dormant” events are those 

events that occur between December and Mid-May. Growth events with normal soil 

moisture were selected as a baseline requirement per the 2002 MDEQ SSO Policy which 

states the following: 

 

The MDEQ does not authorize the discharge of raw or partially treated SSOs. 

However, enforcement discretion will be considered for communities 

experiencing SSOs that are implementing a corrective action program which is 

equivalent to the remedial design standard of the 25-year/24-hour storm, using 

growth conditions and normal soil moisture.  

 

Refer to Appendix 3A, from Section 3, for the entire SSO Policy Statement.  

 

Events were also selected where there were unknown boundary conditions. This means 

that the following conditions did not occur: basement flooding, sewer by-pass pumping, 

any other type of sanitary sewer overflow, and exceedance of the WWTP influent flume 

capacity.  

 

The RTK calibration processed required the review of the WWTP data versus the 

predicted RTK hydrograph for each of the selected events. The goal of the RTK calibration 

was to obtain RTK predicted hydrographs that resulted in peak flow rates and total volume 
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that matched the WWTP data within 5% and 10%, respectively. During the calibration of 

the RTK parameters, some events were eliminated from the analysis when calibration of 

the RTK variables for an individual event was outside the target range of peak flow and 

volume as previously discussed. There are many reasons an event may not correlate well 

such as; rainfall was more local to the Barstow area and wasn’t uniform across the City, 

unknown boundary conditions, or some other unknown real- world condition that occurred 

during that event. Through the RTK development process, four events were eliminated 

leaving seven events used for RTK calibration as listed in Table 5-2. 

 

Table 5-2: Calibration Events 

Event 
No. 

Date 
Duration 
(hours) 

Peak Intensity 
(in/hr) 

Total 
Volume 

(in) 

Recurrence 
Interval 

101 August 7, 2013 3 0.40 0.48 <1 Year 

102 October 3, 2014 15 0.21 1.04 <1 Year 

103 November 23, 2014 24 0.15 0.97 <1 Year 

104 June 12, 2015 11 0.47 1.78 1 Year 

105 September 3, 2015 10 0.51 1.82 2 Year 

106 September 18, 2015 4 0.20 0.23 <1 Year 

107 May 12, 2016 3 0.50 0.59 <1 Year 

 

Recurrence intervals listed in Table 5-2 were determined using NOAA Atlas 14 data for the 

Midland, MI area. Hyetographs of these events are shown in Appendix 5D along with NOAA 

Atlas 14 return frequencies for the City of Midland area. 

 

Therefore, the RTK parameters developed for the City based on the rain events listed in Table 5-

2 are listed in Table 5-3.  

 

Table 5-3: WWTP RTK Values 

Triangle 
R Values  

Percent Capture 
T Values 
Time to Peak 

K Values 
Ratio of Time to Recede to Time to Peak 

1 0.58% 1 5 

2 0.74% 6 15 

3 1.43% 12 96 

Total 2.75%   
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While the RTK values listed in Table 5-3 represent the entire system, the rainfall capture in various 

areas throughout the City differ as evidenced by the June 2017 where certain areas reported more 

basement flooding than other areas. Therefore, it is required to develop the capture values for other 

areas in the City where there was available data. This led to the discovery of the interconnections 

throughout the system and their impact on the ability to develop other capture values, discussed 

as follows. 

b. Interconnections – Hydrologic Impacts 

At the onset of this analysis, data from several of the larger pump station districts north of 

Sugnet Road was collected during the data collection period with the intent of developing 

RTK parameters for the larger pump station districts. However, upon review, it was 

discovered that there are 69 interconnections throughout the system. In general, an 

interconnection is a where sanitary sewer flow can discharge into more than 1 sewage 

district. The purpose of interconnections, in general, is to allow a system to relieve itself 

into another sewer when the flow depth in the sewer gets high enough; typically, this 

occurs during wet weather conditions. Of the 69 interconnections, 10 are controlled 

(meaning with a gate that can open and close) and 59 are passive (meaning there is no 

controlling mechanism and bifurcation will occur hydraulically). Of these connections, 

there are 26 interconnections that are located between pump station districts (refer to 

Figure 5-8 for interconnection locations). 

 

The interconnections are not an issue for a fully dynamic SWMM model (i.e. the program 

can simulate bifurcated flows), the issue here is during model calibration. Developing the 

capture value is based on the tributary area and if the area is constantly changing because 

of flow bifurcation, then determining the representative capture value will not be possible 

without extensive metering data. Therefore, in-system capture values were developed for 

pump station districts where there were no interconnections with any adjacent district, and 

there was available flow data. The three pump station districts that met these criteria are: 

Mall, Moorland, and East Ashman. 

 

Therefore, capture values were also determined for the Mall, Moorland and East Ashman pump 

stations; including the WWTP results in four distinct RTK district types as follows.  
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1. Mall – This pump station district primarily consists of commercial users; therefore, other 

commercial and industrial areas throughout the City were assigned the values determined for 

the Mall pump station. 

 

2. Moorland – This pump station district primarily consists of residential users that experienced 

flooding during the 2017 event. As the majority of the flooding occurred north of Sugnet Road, 

the Moorland RTK values were applied to residential subdistricts north of Sugnet Road. 

 

3. East Ashman – This pump station district is unique because there is a large industrial-zoned 

parcel (the landfill) tributary to this pump station as well as relatively dense residential 

neighborhoods. Additionally, one of the tributary residential neighborhoods in the Whitewood 

area experienced localized basement flooding during the 2017 event. Therefore, the East 

Ashman pump station RTK values were assigned only to those areas tributary to that pump 

station; these values were not assumed to be applicable anywhere else because the presence 

of the landfill in that tributary area is likely to result in a unique system response to rainfall 

that would not be observed elsewhere. 

 

4. WWTP – The remaining residential areas south of Sugnet were assigned values designed to 

balance overall capture to be equal to the capture calculated at the WWTP. The values were 

balanced since the WWTP flow data includes all RDII experienced by the system. 

 

Based on the above available flow data, three sets RTK parameters were developed for each area 

analyzed, representing the short-, medium-, and long-term response observed in the system. The 

sum of R1, R2, and R3 is equal to the R value for the system and the exact distribution varies 

throughout the system. The RTK values determined through this analysis are listed in Table 5-4. 

 

Table 5-4: Developed RTK Values 

Capture WWTP 
East 

Ashman Moorland Mall T Values K Values 

R1 0.58% 0.61% 1.11% 0.92% T1 1 K1 5 

R2 0.74% 0.74% 1.11% 0.54% T2 6 K2 15 

R3 1.43% 2.74% 0.95% 0.9% T3 12 K3 96 

R 2.75% 4.09% 3.17% 2.37%     
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These RTK parameters were used in the sanitary sewer model as unit hydrographs, which convert 

a specified rain event into RDII throughout the sewer system. During the model validation analysis 

(discussed in Section 5.C), captures were revised as necessary to correlate to the system’s response 

to the June 2017 event. 

 

B. Hydraulic Model Development 

The hydraulic component of the sanitary sewer model (i.e. the physical components) were imported into 

SWMM from the City’s GIS database. This included the following items:  

 

• Unique manhole and pipe name 

• X- and Y-Coordinates for each manhole 

• Manhole invert elevations 

• Manhole rim elevation (or manhole depth) 

• Upstream and downstream manhole names per pipe segment  

• Pipe shape 

• Pipe size 

• Pipe roughness/material 

• Pipe length 

• Upstream and downstream pipe inverts or inlet or outlet offsets 

• Wet well invert 

• Wet well rim or depth 

• Wet well diameter or storage volume 

• Pump station on/off depths 

• Pump station curve data points (where available). 

 

More detailed information, such as the location of gates and weirs, was input manually. Thorough checks 

were preformed to identify data that may not have been imported properly and required corrections were 

made as necessary. Refer to Appendix 5A for a sanitary sewer map. While all of the City’s sewers in the 

GIS were imported into the SWMM model, it is important to note that not every sewer will necessarily 

report flows as small tributaries of less than 10 manholes were generally not be delineated (as indicated in 

the hydrologic section). These sewers are included for future use should those areas required detail analysis 

in the future.  
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The City’s GIS database was generally complete with limited missing records. Through this modeling 

process the following corrections were required prior to importing into SWMM: 

 

1. Snapping – approximately 20% of the manholes in the GIS were not snapped (i.e. linked) to the 

sanitary sewer. The manholes were snapped to the sewers where necessary. 

2. Missing Invert – approximately 12 individual pipes were missing an upstream or downstream 

invert. The inverts were revised based on the upstream and downstream pipe slopes. 

 

During the development of the model, some of the elevations for the interconnections, primarily the weir 

heights, were unknown and required field verification. Data collected from the field verifications were 

added to the GIS and the model. However, it is important to note, field data from locations shown in red 

in Figure 5-9 were not required. It was decided not to pursue more field data at the time of the study, as 

these locations were in areas south of Sugnet Road where flooding was not as significant. It is 

recommended to obtain interconnection elevations should these areas be studied in more detailed in the 

future. 

 

Pump stations were configured to pump only as much as their rated firm capacity. Refer to Table 4-3, from 

Section 4, for pump station information provided by the City. 

 

In cases where flow meter data was available from the pump stations, the maximum metered flow rate was 

used instead of the pump stations firm capacity if it was noticeably lower than the firm capacity rating 

provided. Exact wet well geometry and level control setting information for the pump stations was not 

available, so assumptions were made about these parameters. In general, pump station wet wells were 

assumed to be cylindrical; 5-ft in diameter for smaller stations, and 10-ft for larger stations. Elevations at 

the inlet and outlet of force mains were input, but intermediate elevation information was not.  

 

The only outlet for the model is at the WWTP, where flow passes through the metering flumes at the 

headworks. Because WWTP layout information is not included in the GIS database, additional physical 

information was pulled from the WWTP record drawings in order to properly configure this portion of the 

model. Refer to Figure 5-10 for model schematic. Refer to Table 5-5 for WWTP information. However, it 

is important to note that the scope of this project does not include a detailed review of the WWTP processes 

or capacities, nor does the model simulate flows through the WWTP; the model essentially terminates at 

the influent flume location. 
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Table 5-5: WWTP Information 

    

Flow:   

Average Dry Weather Flow* 4.8-MGD 

Treatment Capacity 18-MGD 

Storage Basin PS Firm Capacity 52-MGD 

Headworks Capacity 70-MGD 

Storage Facilities:   

Equalization Basin Volume 0.5-MG 

RTB Volume 3.3-MG 

Storage Basin Volume 43.5-MG 

*See Figure 5-4 

 

1. Interconnections – Hydraulic Impacts 

The hydraulic impacts of the interconnections discussed in Section 5.A.3.b. can be determined and 

simulated in a fully dynamic SWMM model. Accordingly, scenarios can be simulated to test 

various open or closed status of various interconnections and direction of flow between districts 

can be determined.  

 

Table 5-6 lists each pump station and the primary downstream pump station, force main or gravity 

interceptor. Due to the interconnections between districts, the table lists the other areas where 

flows may be bifurcated. The “Can Divert To or Receive Flows From” column relates to any 

interconnections at the pump station district level (i.e. the first column of table). For example, the 

Alpine pump station (#21) is tributary to the Valley pump station and there are no interconnections 

surrounding the perimeter of the Alpine pump station district that would divert its discharge 

anywhere else accept the Valley pump station district. Whereas the Valley district (#26) normally 

discharges to the Nelson force main but can also receive or divert flows from/to Emerson and 

Sylvan.  

 

Since all the larger pump station districts can receive or divert flows from/to adjacent districts, 

essentially this means that the entire system can act as one large district. This ability for a system 

to divert flows is generally a positive feature as it allows maximum utilization of available system 

capacity when adjacent areas become overloaded.  
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Table 5-6: Pump Station District Tributaries 

Pump Station District Primarily Tributary To Can Divert To or Receive Flows From 

1 Walden Woods Valley   

2 Fairgrounds Wackerly   

3 Winterberry Valley   

4 East Ashman Swede Gravity Line Kent 

5 Landfill East Ashman   

6 Clay Street Swede Gravity Line   

7 Emerson Wyman   

8 Currie Wyman   

9 Dublin Valley   

10 Mall Sylvan   

11 Elizabeth Nelson Force Main Wyman, Nelson 

12 Jefferson Acres Nelson Force Main Sylvan 

13 Kent Street WWTP   

14 State Street WWTP Wyman, Nelson 

15 Moorland Valley   

16 Patrick Swede Gravity Line Clay Street 

17 Rockwell Kent   

18 Bay City Road Rockwell   

19 Stratford Pines Clay Street   

20 Smith Wyman Currie 

21 Alpine Valley   

22 Sugnet/Concord Nelson Swede Gravity Line 

23 Sugnet/St. Andrews Nelson Swede Gravity Line 

24 Sugnet/Saginaw Nelson Force Main   

25 Eastman Avenue Nelson Force Main Wyman 

26 Valley Nelson Force Main Emerson, Sylvan 

27 Sylvan Nelson Force Main Valley, Jefferson Acres 

28 Towsley Wyman   

29 Stoneridge Moorland   

30 Vance Road Currie   

31 Wackerly/Sturgeon Valley   

32 Washington Nelson   

33 Wyman WWTP Eastman Avenue, Elizabeth, State, Nelson 

34 Renee Currie   

35 Wheeler Swede Gravity Line   

36 Chippewa Currie   

37 Perrine Valley   

38 Stratford Park Clay Street   

39 Nelson Nelson Force Main Elizabeth, Wyman, State, Swede Gravity Line, Kent 

40 Countryside Valley   

41 Contractors Drive Kent   

42 Sandow Currie   
Shaded rows are the larger pump station districts  
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C. Model Verification 

The model setup tasks previously discussed are part of the calibration process. Once that process is 

complete, model verification begins. The verification process involved simulating the June 2017 event that 

caused widespread flooding throughout the City and comparing the model results against the reported 

basement flooding. Refer to Appendix 3B, from Section 3, for the reported flooding locations.  

 

The June event was simulated with the calibrated model, and the results were compared to the flooding 

reports, paying special attention to problem areas identified by the City (the circled areas on the flooding 

map in Appendix 3B). An accurate model should show overcapacity sewers in areas where basement 

flooding was reported. When sewers reach their full capacity, house leads tied in to them are unable to 

drain into the sewer, and can backup, producing basement flooding. Adjustments were made in areas where 

flooding occurred but was not predicted by the model. In some instances, R values were increased as 

necessary to reproduce flooding results. 

 

Areas where the model predicted capacity issues, but no flooding was reported were often related to the 

location where flow was added in the model. As discussed in Section 5.A.1, for each subdistrict DWF and 

RDII were added at the most upstream manhole. This was a conservative approach meant to tax all parts 

of the sewer system to assess performance. However, in some cases it was clear that inputting these flows 

at the most upstream manhole was not realistic and produced results indicating capacity issues and/or 

flooding where no such issues exist. In these instances, the DWF and RDII inputs were moved downstream 

incrementally within the subdistrict until the performance of the model became more representative.  

 

There are limited areas where flooding was reported whereas the model did not predict flooding even with 

adjustments to the capture values. In general, these flooded areas fall into two categories:  

 

1. Susceptible to Flood Waters – these parcels are near, or are in, a floodplain and are susceptible to 

flood waters inundating their property and flooding their basements. At the time of the reported 

basement flooding, the homeowner was unable to determine if the flooding was from the sanitary 

sewer system or due to flood waters. Considering the parcels proximity to the floodplain combined 

with the model results, it is estimated that the reported flooding was caused by flood inundation 

and not by the sanitary sewer backing up into the basement. Refer to Figure 3-8, from Section 3, 

that highlights the sanitary sewers that are in or near a floodplain. This figure also shows anywhere 

sewers cross under rivers, lakes or streams. It is recommended for any future flooding event where 
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homeowners are reporting basement flooding, that the homeowners are asked if water is coming 

out from basement fixtures such as toilets and sinks. 

 

2. Unknown Real-World Condition – these areas are where there is some other unknown real-world 

condition that existed at the time of the event. Such as sewers and/or house leads with reduced 

capacity due to partial blockages such as roots, debris, and/or calcium or grease deposits. 

Additional investigations such as sewer metering, manhole inspections, smoke testing, dye testing 

and sewer televising are recommended in these areas. 

 

These areas are shown in Figure 5-11. The model results simulated with the June 2017 event is further 

discussed in Section 6. 
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WWTP Dry Weather Flow Hydrograph

F
lo

w
 (

m
g
d

)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Flow

Max (mgd) 6.25 5.88 6.24 5.69 5.79 5.59 5.69

Min (mgd) 3.07 3.62 3.45 3.66 3.48 3.27 3.11

Avg (mgd) 4.73 4.88 4.97 4.79 4.79 4.60 4.60

Estimated Equivalent Sanitary Population = 35,200

Estimated Number of Inch-Miles of Pipe = 2,504

Unit Daily Avg Maximum Minimum Avg Max Avg Min 

mgd 4.766 6.247 3.068 5.873 3.381

gpcd* 135 177 87 167 96

g/in-mi/d** 1,903 2,495 1,225 2,346 1,350

* gpcd = gallons per capita per day.  It takes the flow and divides by the estimated population.  If the Daily Avg cell is shaded, it indicates 

potential excessive infiltration (infiltration is excessive if greater than 120 gpcd).

** g/in-mi/d = gallons per inch-mile per day.  It takes the flow and divides by the estimated inch-mile.  If the Avg Min cell is shaded, it indicates 

potential excessive infiltration (infiltration is excessive if greater than 3,000 g/in-mi/d).

0
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3

4
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Sources of Infiltration and Inflow

Infiltration

Sources

1. Connected 

Foundation Drain

2. Broken House 
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3. Root Intrusion into 
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4. Faulty Lateral 
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5. Cracked or Broken 

Pipe

6. Deteriorated 

Manhole

Inflow

Sources

1. Roof Drain 

Connection

2. Sump Pump 

Connection

3. Uncapped 

Clean-Out 

4. Storm Cross-

Connection

5. Faulty 

Manhole 

Cover or 

Frame

Storm Sewer

Sanitary Sewer
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Runoff Hydrograph
F

lo
w

Time

• R = Fraction of the rainfall over the 

sewershed that enters the sanitary sewer 

system (AKA “Percent Capture”)

• T = Time to peak in hours.

• K = the ratio of the time to recession to the 

time to peak

T TK

Hydrograph Approximation Using RTK Method – 1 Triangle
5-6
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Runoff Hydrograph
F

lo
w

Time

• 1st Triangle = Rapid I/I

• 2nd Triangle = Intermediate I/I

• 3rd Triangle = Long Term  I/I

• 1 + 2 + 3 = Total RDII

Hydrograph Approximation Using RTK Method – 3 Triangles
5-7
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69 Interconnections

10 Controlled

59 Passive
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9 Controlled
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Sanitary System Interconnections Between Major Pump Station Districts
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Section 6  -  Model Results 
 

This section discusses the results from the analysis of the model of the existing sanitary sewer system. It 

is important to note that only issues related to the sanitary sewers are discussed in this section. Proposed 

improvements to address issues identified in this section are presented in the Section 7. 

 

A. System Performance During the June 2017 Event 

As previously discussed, sanitary sewer backups were reported in several areas during the June 2017 rain 

event. The majority of the flooding reports occurred for parcels tributary to the following areas (refer to 

Figure 5-11): 

 

• Perrine Road Interceptor 

• Sturgeon Avenue 

• Moorland Pump Station 

• Sylvan Pump Station 

• Whitewood Drive 

• Jefferson Avenue 

• Sylvan Lane 

• Adams Road 

• Jefferson Pump Station 

• East Sugnet Road 

• Wilson Drive 

• East St. Andrews Road 

 

The model was used to investigate these areas, and probable causes were identified as discussed below. 

Refer to Section 7 for corresponding recommended improvements. Refer to Figure 5-1 for pump station 

locations and pump station district boundaries.  

 

It is important to note that all 42 pump stations were fully operational during the June event. 

 

Perrine Road Interceptor  

The Perrine Road interceptor is approximately 7,800 linear feet and changes in size incrementally from a 

10-inch sewer at the upstream end, approximately 2,000 feet north of Airport Road, to a 21” sewer at the 
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downstream end at Saginaw Road. The Perrine interceptor discharges into a 21” interceptor on Saginaw 

Road which transports the flows generally southeasterly to the Valley Pump Station (refer to Figure 6-1).  

 

As shown in Figure 6-1 pipe capacities were exceeded for the June 2017 event. Figure 6-2 shows the 

profile for the Perrine Road interceptor with the main sewer connections east and west of Perrine and the 

resultant June 2017 hydraulic grade line (HGL). The impact of the HGL on the connecting sewers can be 

seen in Figure 6-2. An elevated HGL can cause backups in the tributary sewers and directly connected 

house leads. 

 

Sturgeon Road Sewer 

The Sturgeon Road sewer consists of approximately 3,400 linear feet of 12-inch sewer from just south of 

Wackerly Road to Valorie Lane. The Sturgeon Road sewer discharges into an 18-inch sewer on Valorie 

Lane (refer to Figure 6-1). Flows from Sturgeon Road are generally tributary to the Valley PS. 

 

As shown in Figure 6-1, pipe capacities were exceeded for the June 2017 event. Figure 6-3 shows the 

Sturgeon Avenue profile with HGL. Similar to the Perrine Road interceptor (although on a smaller scale), 

more flow was being generated than the existing sewer was able to convey. This likely resulted in backups 

along Sturgeon Road. 

 

Moorland Pump Station 

The Moorland PS is located on Moorland Drive west of Woodbridge Lane and conveys flow from the 

residential areas immediately to the north and west of that location (refer to Figure 6-1). The Moorland PS 

is generally tributary to the Valley PS. Initial simulation of this pump station during the June 2017 event 

did not support the reported basement flooding. Initially, the Moorland PS capacity was set to 950 gpm 

per the pump station design information as listed in Table 4-3 from Section 4. Upon review of the SCADA 

flow data, it was discovered that the maximum reported flow rate was 800 gpm. Limiting the Moorland 

PS to 800 gpm (i.e. the actual peak flow rate) in the model generally replicated the surcharging that likely 

caused the reported basement flooding. The most likely explanation for this is that the PS was rated for 

950 gpm when it was initially installed, but due to wear associated with normal use the pumping capacity 

has gradually declined to 800 gpm.  

 

Although this pump station was fully operational during the June event, it appears that flow was arriving 

at the Moorland PS at a faster rate than the pumps were able to handle. Because of this, flow backed up in 
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the sewers in the areas immediately surrounding the pump station thereby potentially causing basement 

flooding.    

 

Sylvan Pump Station 

The Sylvan PS is located on Sylvan Lane at the south end of Russell Park, and conveys flow from a 

combination of residential and commercial areas that are generally north of this pump station (refer to 

Figure 6-4). Due to the interconnections discussed in Section 5, the Sylvan PS is generally tributary to the 

Nelson PS; however, a portion of Sylvan can overflow to the Valley district, which can overflow to the 

Emerson district.  

 

Similar to the Moorland pump station, initial simulation of this pump station during the June 2017 event 

did not support the reported basement flooding until the pump station was limited to the maximum flow 

recorded at the pump station. The design capacity is 4,750 gpm whereas the maximum recorded flow was 

4,150 gpm. Limiting the Sylvan PS to 4,150 gpm in the model generally replicated the surcharging that 

likely caused the reported basement flooding.   

 

Whitewood Drive 

The gravity sewer along Whitewood Drive collects flow from approximately 200 homes to the west of 

Waldo Avenue and south of Wheeler Street. Upon initial review, the sewers in this area appear to be sized 

correctly to convey flows from this area and model results did not support the reported basement flooding.  

 

City staff reported a blockage in the sewer during the June Event.  However, It was decided that the 

blockage alone was likely not the sole cause of the basement flooding and it was estimated that the flow 

from the footing drains was the likely main contributor. In fact, it is important to note that in the preceding 

problem areas discussed, and generally anywhere in the City where sanitary sewage backed up into 

basements, the primary cause for basement flooding is due to connected footing drains. Refer to Section 7 

for more information on footing drain contributions. In the Whitewood Drive area, increasing the footing 

drain contribution to approximately 5 gpm per footing drain generally replicated the surcharging that likely 

caused the reported basement flooding (refer to Figure 6-5). 

 

Additionally, there may also be other contributing factors that could contribute to conditions that resulted 

in basement flooding, such as: 
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• Blockages in Sewer – blockages in the sewer such as grease build up, roots, sediment, etc. can 

cause sewer backups. When an artificial blockage was added to the model, the simulated results 

generally replicated the surcharging that likely caused the reported basement flooding in the 

Whitewood Neighborhood. However, the size of a single blockage required to replicate potential 

basement flooding was greater than the blockage encountered (i.e. 5-inches of sediment in a 10-

inch pipe were observed (and removed) by City staff, whereas a 7-inch blockage was required in 

the model to replicate the potential basement flooding). 

• Blockages in Private Property Leads – the same kind of blockages that can occur in the sewer can 

also occur in the private property leads.  The property owner is responsible for their sewer lead 

from their building to the intersection with the City sewer.  Any blockage in these leads can 

exacerbate basement flooding and in some cases be the primary cause of basement flooding.  It is 

important for all property owners to have their sewer leads inspected on a regular basis especially 

if there are trees next to or near the lead location. 

• Shallow Sewers – The sewer profiles in the areas that reported basement flooding are relatively 

shallow thereby potentially limiting the full range of sewer capacity and/or minimal surcharging 

without basement flooding occurring.  

 

Jefferson Avenue 

The Jefferson Avenue sewer consists of approximately 1,800 linear feet of sewer extending from just south 

of the intersection at Nakoma Drive to just south of the intersection with Chapel Lane. The sewer is a 15-

inch pipe south of Wanetah Drive, and a 12-inch pipe north of that intersection. The sewer discharges into 

the Sylvan Lane sewer and is tributary to the Sylvan Pump Station.  

 

The capacity of this sewer was exceeded during the June 2017 event, as shown in Figure 6-4. Figure 6-6 

shows the profile. More flow was being generated in the tributary sewers than the existing sewer was able 

to convey. This likely contributed to backups throughout the area. 

 

Sylvan Lane 

The Sylvan Lane sewer consists of approximately 3,300 linear feet of sewer, beginning at the intersection 

of Wanetah Drive and Jefferson Avenue and continues west to Sylvan Lane, which the sewer follows 

south, then west. The existing sewer is 18 inches in diameter. The sewer discharges directly to the Sylvan 

Pump Station.  
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The capacity of this sewer was exceeded during the June 2017 event, as shown in Figure 6-4. Figure 6-7 

shows the profile. More flow was being generated in the tributary sewers than the existing sewer was able 

to convey. This likely contributed to backups along Sylvan Lane and throughout the tributary area. 

 

Adams Drive 

The Adams Drive sewer consists of approximately 3,600 linear feet of 12-inch diameter sewer. The sewer 

begins at the intersection of Tanwood Court and Woodview Pass and heads south to Adams Drive. The 

sewer then follows Adams Drive west to Jefferson Avenue. The sewer is tributary to the Sylvan Pump 

Station.  

 

The capacity of this sewer was exceeded during the June 2017 event, though only in a few localized areas, 

as shown in Figure 6-4. Figure 6-8 shows the profile. More severe capacity issues along this sewer occur 

in the model during the 25-year, 24-hour design event. This indicates that significant portions of this sewer 

were very close to being exceeded during the June 2017 event, which means very minor obstructions or 

other issues could have produced backups along this line, which would not necessarily be reproduced in 

the sanitary sewer model. 

 

Jefferson Pump Station 

The Jefferson PS is located at the intersection of Jefferson Avenue and Wheeler Street and conveys flow 

from the residential area located immediately to the east of that location. The Jefferson PS is generally 

tributary to the Nelson PS. 

 

The Jefferson Pump Station is listed as having a firm capacity of 700 gpm. The station is equipped with 

three pumps, each rated for 350 gpm, so the firm capacity would be reflective of the station’s output with 

two pumps in operation. As part of the investigation of the basement flooding reported in the Jefferson PS 

area, a hydraulic analysis was conducted to determine if this firm capacity is likely to be accurate. The 

pump curves provided by the City, along with as-built drawings of the station and forcemain were reviewed 

and the result was that it is highly unlikely that this pump station is able to pump at a firm capacity of 700 

gpm. The actual firm capacity is likely to be closer to 450 gpm. 

 

Initial simulation of this pump station during the June 2017 event did not support the reported basement 

flooding until the pump station was limited to the maximum flow indicated estimated by the hydraulic 

analysis for this station. Limiting the Jefferson PS to 450 gpm in the model generally replicated the 
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surcharging that likely caused the reported basement flooding. See Figure 6-4.  It is important to note that 

this pump station was also fully operational during the June event. 

 

It is recommended that this pump station be flow tested to verify its firm capacity before moving forward 

with any improvements at this location. 

 

East Sugnet Road 

The East Sugnet Road sewer consists of approximately 2,400 linear feet of 10-inch sewer along East 

Sugnet Road from Washington Street to Jefferson Avenue. The sewer is tributary to the Nelson Pump 

Station.  

 

This sewer functioned close to its capacity during the June 2017 event, as shown in Figure 6-4. Figure 6-

9 shows the profile. More severe capacity issues along this sewer occur in the model during the 25-year, 

24-hour design event. This indicates that significant portions of this sewer were very close to being 

exceeded during the June 2017 event, which means very minor obstructions or other issues could have 

produced backups along this line, which would not necessarily be reproduced in the sanitary sewer model. 

 

Wilson Drive 

The Wilson Drive sewer consists of 2,300 linear ft of 10-inch sewer along Wilson Drive between East 

Wilson Court and Wilson Court. This sewer is tributary to the Jefferson Pump Station. 

 

This sewer functioned close to its capacity during the June 2017 event, as shown in Figure 6-4. Figure 6-

10 shows the profile. More severe capacity issues along this sewer occur in the model during the 25-year, 

24-hour design event. This indicates that significant portions of this sewer were very close to being 

exceeded during the June 2017 event. 

 

East St. Andrews Road 

The East St. Andrews Road sewer consists of 800 linear feet of 8-inch sewer along East St. Andrews Road 

from Hillgrove Parkway to just north of East Sugnet Road. This area is tributary to the Nelson Pump 

Station. 

 

This sewer functioned close to its capacity during the June 2017 event, as shown in Figure 6-4. Figure 6-

11 shows the profile. More severe capacity issues along this sewer occur in the model during the 25-year, 

24-hour design event. This indicates that significant portions of this sewer were very close to being 
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exceeded during the June 2017 event, which means very minor obstructions or other issues could have 

produced backups along this line, which would not necessarily be reproduced in the sanitary sewer model. 

 

B. Other Areas for Consideration 

The model results are classified as follows: 

 

1. Priority 1 – These areas are where basement flooding was reported, and the model predicted 

surcharging supporting the reported basement flooding. The Priority 1 areas should be addressed 

prior to the Priority 2 areas and are the areas identified in the preceding section. 

 

2. Priority 2 – These areas are where limited basement flooding occurred during the June event, but 

which also show significant basement flooding risk during a more severe rain event (such as the 

25-year, 24-hour design storm). The Priority 2 areas should be reviewed in the future and 

considered for potential improvements following completion of the Priority 1 improvements. The 

Priority 2 areas are further discussed in Section 7.  

 

3. Phase 2 Investigations – These areas are where the model did not support the reported basement 

flooding for the June 2017 event and therefore, further investigations are recommended. The Phase 

2 investigations are further discussed in Section 8. 

 

These areas were ranked 1 through 12 in order of priority, these rankings are shown below in Table 6-1 

along with a summary of future investigation areas. The rankings are based on cost, size of area impacted, 

and current level of service. Figure 6-12 shows the locations of Priority 1 and 2, and Phase 2 investigation 

areas. 
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Table 6-1: Model Results Categories 

Priority 1 Areas Priority 2 Areas 
Phase 2 - Future 

Study/Investigations 

1 Perrine Road Interceptor  9 Wilson Drive  Gibson Street 

2 Whitewood Drive  10 Adams Road  North Campau Drive 

3 Sylvan Pump Station 11 East Sugnet Road Sylvan Pines 

4 Moorland Pump Station 12 East St. Andrews Road  Crescent Drive 

5 Jefferson Pump Station    Norwich Court 

6 Sylvan Lane     *Pump Station Inspections 

7 Sturgeon Avenue     *Flood Prone Structure Inspections 

8 Jefferson Avenue    *Miscellaneous 

* items are not included in Figure 6-12 
 

 

C. Flood Waters Inundation Effect 

As discussed in Section 3, the peak of the June 2017 event resulted in a peak at the WWTP as the RDII 

entered the local system primarily through connected footing drains. The peak flow at the WWTP occurred 

when the stage in the Tittabawassee River was less than the flood stage of 24 feet. In fact, the flows entering 

the WWTP started to recede until the river stage crested the 24-foot flood stage at which point the areas 

adjacent to the Tittabawassee River and the Sturgeon Creek became inundated with flood waters. Given 

that this event recorded a peak gage height of 32.15 equates to up to 8 feet of flood waters on top of the 

ground surface for an extended period of time. As Figure 3-4 (from Section 3) shows, the river stage was 

above the flood stage for approximately 3.5 days. This volume of water over top of the ground surface, 

with up to 8 feet of pressure, will flow into every available opening in the sanitary sewer system that is in 

the area of this inundation. As indicated in Section 3, flood proofing all sanitary sewer structures that are 

in or near any open channel water feature is recommended. 

 

In terms of the model results, the RTK values developed for the City will not replicate this phenomenon 

of flood waters entering the sanitary sewer system. The RTK values developed are based on available data 

collected from the system when the boundary conditions are known as discussed in Section 5. Furthermore, 

the RTK values represent a localized system, whereas, this event was widespread across several counties 

all tributary to the watersheds that flow through the City of Midland. The effect of this type of widespread 

rainfall can be simulated in a stormwater model that considers the entire watershed. It is important to note 

that the USGS has developed an online tool called the Flood Inundation Mapper (FIM) that can even be 

used as an early warning tool that will approximate the extent of flooding for any river stage. Currently 

USGS has not developed the mapping tool in the Midland area; however, the tool is relatively new and 

constantly being expanded to include more areas throughout the United States. It is recommended the City 
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consider engaging with USGS representatives to determine how to develop the FIM tool for the Midland 

area. 

 

While the current model doesn’t replicate the flood inundation to the sanitary sewer system, a useful 

analysis is to review the model results in comparison with the WWTP results and the USGS stream gage 

results. This comparison allows the approximation of the flood waters that entered the sewer system from 

the surface flooding by subtracting the volume approximated by the model from the volume approximated 

from the WWTP influent data. Caveat; during the flooding event several recording devices were inundated 

and flows were bypassed at various locations in the system and therefore the true peak flow rate from the 

event is unknown. Nonetheless, utilizing the WWTP data as shown in Figure 6-13, the WWTP flows 

appears to return to normal DWF starting around 7/15/17. Therefore, the total volume recorded at the 

WWTP influent from 9:00 pm on 6/23/17 through to 7/15/17 is approximately 322 MG, whereas the total 

volume predicted by the model for the same time period is approximately 90 MG. This equates to 

approximately 230 MG of river water that entered the sewer system and was eventually processed by the 

WWTP or overflowed to the drain along the west side of the Plant.  

 

Another interesting take-away from this analysis is the time it took for the system to dewater; while the 

City was inundated with flood water for nearly 3.5 days, it took nearly 18 more days for the system to 

return to base flow. Whereas, after growth season rain events, it typically takes the City, on average, 

approximately 4 days to dewater and return to base flow.  
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Section 7  -  Capital Improvement Plan 
 

A. Capital Improvements Introduction 

Collection system improvements generally fit into three categories as follows: 

 

1. RDII Reduction 

2. Improved Conveyance 

3. Storage 

 

Each improvement category provides various potential advantages and disadvantages. Depending on the 

situation, a single improvement category may provide an adequate solution, or a combination of categories 

may be necessary to provide an adequate solution. Each improvement category is described as follows. 

 

1. RDII Reduction 

RDII removal/reduction generally falls under two different types of improvement: sanitary sewer 

system rehabilitation, and footing drain disconnection. Both RDII reduction types are discussed as 

follows. 

a. Sanitary Sewer System Rehabilitation 

Excess flows generated from defects in the sewer system can be significant especially if 

there are unknown cross-connections with storm sewers, rivers, lakes or streams. 

Unknown cross-connections can occur in situations such as storm connections that 

inadvertently have not been disconnected or a failed diversion chamber bulkhead. Other 

significant sources of I/I include: holes in sewers and manholes located in a floodplain, 

and missing manhole covers or covers that are not watertight that are in a floodplain or 

susceptible to ponding and inundation. 

 

Excess flows generated from other defects in the sewer system can also be significant 

especially if they are widespread throughout the system. Other typical sewer defects are: 

cracks and leaky joints in pipes and manholes, offset manhole frames, perforated manhole 

covers, missing cleanout cap, cracks and leaky joints in sewer leads.  

 

Typically, finding these types of direct connections and other defects requires a Sanitary 

Sewer Evaluation Survey (SSES) which often involves a significant flow monitoring 
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network to determine the sources and severity of excess flows. Following a sufficient flow 

monitoring period, priority areas are developed for field investigations such as manhole 

inspections, smoke testing, dye testing and sewer televising.  

 

Once the priority areas and scope of rehabilitation is determined, cost-effective 

improvements to the sanitary sewer system are constructed and post project performance 

flow monitoring is performed to evaluate the effectiveness of the rehabilitation efforts. 

Typical sanitary sewer improvements consist of manhole and sewer projects such as; tree 

root removal, chemical treatment of tree roots, joint grouting, partial lining, full lining, 

full pipe replacement, partial external manhole wrap, internal manhole wrap, and raising 

manholes above flood elevations with gasketed bolt down manhole covers. 

 

The advantages to sanitary sewer rehabilitation are: 

i. Excess flows are removed from the sewer system benefitting the entire system. 

ii. The threat of basement backups is reduced. 

iii. The need for relief sewers are reduced and potentially eliminated. 

iv. Annual sewage treatment costs are reduced. 

v. The service life of the rehabilitated areas is extended. 

vi. The frequency of SSOs will be reduced. 

vii. System will be able to handle larger storm events.  

 

The potential disadvantages to sanitary sewer rehabilitation are: 

i. The excess flows estimated to be removed may not be fully realized. 

ii. The excess flows removed from spot repairs can migrate downstream until they 

can enter the sewer system at another location. 

 

b. Footing Drain Disconnection 

As previously discussed, footing drains (FDs) are a major contributing source of excess 

flows. Anywhere in the City where sanitary sewage backed up into basements, the primary 

cause, excluding the effect of flood water inundation, is likely due to connected FDs. In 

general, footing drain disconnections (FDDs) will remove the highest volume of excess 

flows from the system. Disconnecting FDs requires busting up the concrete floor in 

basements, installing a sump pump that will discharge to the ground, and significant 

basement and ground surface restoration. As well, storm sewer extensions and/or other 
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storm sewer improvements may also be necessary to accommodate the increase in 

stormwater flow. However, it is important to note that while the FD flow is significant in 

a sanitary sewer system, it is somewhat less significant in terms of total stormwater runoff. 

As shown in Figure 7-1, FD flows make up approximately 5% of runoff from a storm 

event whereas stormwater flows make up approximately 70%. However, as Figure 7-1 

also shows, FD flows make up approximately 70% of the total I&I that can enter a sanitary 

sewer system. 

 

While footing drain disconnection provides significant advantages as an alternative, this 

option is typically the least desirable for communities to select due to the impact on 

residential homeowners with fully finished basements and potential legal complications.  

The potential legal complications are due to the fact that FD connections were originally 

part of a community’s ordinance until such time that the community changed their 

ordinance preventing the connection of FDs from new sanitary sewer construction. 

Therefore, homes built prior to the date when the ordinance changed were built in 

accordance with a community’s standards. Mandating disconnection can expose a 

community to potential resistance and lawsuits.  

 

Many older communities throughout the State are struggling with the same issue of 

connected FDs and the potential complications associated with a disconnection program. 

Despite the potential complications, some communities in Michigan have implemented a 

successful FDD program, such as the City of Auburn Hills. The City of Auburn Hills 

struggled with basement backups for years and was under various MDEQ SSO Abatement 

Orders starting in 1988. After numerous investigations and analysis, it was decided to 

conduct a pilot program to test FDDs. Because of the reoccurring basement flooding, 

homeowners were willing to volunteer for the pilot program. The pilot study was 

successful and resulted in complete separation of an entire subdivision (532 homes). Flow 

monitoring was conducted throughout the study and showed that the projected peak flow 

from the subdivision was reduced by 74%.  

 

The City of Ann Arbor is another example of a community that has elected to implement 

an FDD program. Part of the City’s program requires new developments to offset the 

increase in proposed flow through the disconnection of an equivalent number of FDs. 

Their program has been successful at removing over 1,000 FDs. However, a difference 
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between the two cities, besides the scale of the disconnections, is that the Auburn Hills 

project was more voluntary than the Ann Arbor project. Consequently, there have been 

lawsuits filed against the City of Ann Arbor by numerous residents citing that “the City 

has unlawfully impeded citizen’s rights to the exclusive use and occupation of their homes 

and led to property being taken through mandatory, city-ordered inspections.” 

 

Therefore, any mandated FDD program the City of Midland considers should be discussed 

with the City’s legal counsel. Furthermore, it is recommended to approach initial 

disconnections as a pilot study of volunteered participants. The City may also want to 

consider sending out a survey to homeowners to gauge potential interest in an FDD 

program; public education prior to distributing the survey is recommended. 

 

Refer to Appendix 7A for more information on the Auburn Hills and Ann Arbor FDD 

projects.  

 

A few key takeaways from both projects are: 

 

i. Public education and engagement are critical to the project’s overall success. 

ii. Flow monitoring prior to the disconnections and throughout the disconnection 

process is invaluable. 

iii. Initiating the FDD program through a pilot project is recommended. 

iv. Monitor sump pump flows post installation for a random selection of homes is 

recommended to confirm estimated FD rates and I/I removal rates. 

 

It is also important to note that once a homeowner has disconnected their footing drain 

and installed a sump pump, there are other potential issues that could be encountered, such 

as: 

• Pump Performance Issue – Like any other mechanical piece of equipment, sump 

pumps can fail. Homeowners would need to be encouraged to check sump pump 

performance routinely to ensure the pump is operating adequately. Should a sump 

pump fail during a rain event, it is possible that basement flooding could occur; 

the difference is that the flooding is of ground water and not sanitary sewage. 
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• Power Failure Issue – Power interruptions are most likely to occur during rain 

events when sump pumps are needed the most. Should a house lose power, then 

the house is susceptible to groundwater basement flooding. Homeowners should 

be encouraged to install a back-up power source. Options include a back-up 

generator, back-up battery, or a back-up water-powered sump pump. 

 

• Increased Water Usage Issue – Given the fact that the back-up water-powered 

sump pump will provide uninterrupted power and does not require the homeowner 

to be present to switch power sources, it is estimated this type of back-up power 

would be utilized in the majority of FDD locations. Consequently, this could 

present a potential problem for the City should a widespread power outage occur, 

and the majority of all sump pumps are being powered by drinking water. This 

increase in water usage could over burden the Water Treatment Plant especially 

if this type of outage occurs during lower water production seasons between late 

fall and early spring. While it is unlikely to have a city-wide power outage occur 

during the lowest water production cycle, it is still something to consider when 

evaluating a city-wide FDD program. Therefore, the City may want to consider 

providing/mandating back-up battery power as part of any FDD program if there 

are concerns regarding the impact of increase water usage due to a power outage. 

 

The advantages to FDDs are: 

i. Excess flows are removed from the sewer system significantly benefitting the 

entire system. 

ii. The threat of basement backups in an area is significantly reduced. 

iii. The need for relief sewers is likely eliminated. 

iv. Annual sewage treatment costs are significantly reduced. 

v. The occurrence of SSOs will be significantly reduced. 

vi. System will be able to handle significantly larger storm events.  

 

The potential disadvantages to FDDs are: 

i. Potential legal ramifications. 

ii. Short-term capital improvement costs can be significant. 

iii. Basement flooding (of ground water only) could become more frequent if sump 

pump fails or there is a power outage. 
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2. Improved Conveyance 

Improving a sewer system’s conveyance generally falls under two different types of improvement: 

sanitary sewer replacement/relief, and pump station improvements. Both conveyance types are 

discussed as follows. 

 

a. Sanitary Sewer Replacement/Relief 

Increasing an area’s conveyance capacity can be done through the complete replacement 

of the existing sewer with a larger sewer or through a relief or parallel sewer. The parallel 

sewer can be constructed/operated such that flows are split evenly between both sewers 

or the parallel sewer conveys flow only during wet weather when the levels in the existing 

sewer are high enough to overflow into the parallel (relief) sewer. 

 

When considering sewer replacement or parallel sewer construction, there are several 

factors to consider: 

 

• Existing sewer condition and remaining service life. 

• By-pass pumping costs during construction. 

• “Constructability” issues of fitting a larger pipe, or multiple pipes in the service 

area. 

• Impact on the downstream sewers, pump stations, force mains and treatment 

facilities (discussed in more detail below). 

  

A potential significant impact on sewer replacement or relief is the increase in peak flow 

that will be conveyed to the downstream system. It is important to verify that sewer 

capacity issues fixed upstream don’t end up causing a sewer capacity issue downstream. 

In cases where that occurs, it may be more advantageous to pair the improved conveyance 

solution with storage or build storage only (storage improvement category is subsequently 

discussed).  

 

In addition to impacts on the downstream conveyance system, there could also be an 

impact on the WWTP thereby requiring extensive improvements at the plant in order to 

process the increase in peak flow. The scope of the current study does not include review 
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of the WWTP capacity or improvements required at the WWTP to process any increase 

in peak flow or volume. This type of detailed analysis should be performed during the 

design phase of any improved conveyance projects.  

 

The advantages to sanitary sewer replacement/relief are: 

i. The threat of basement backups is reduced for events up to the design storm. 

ii. Capital costs can be less than FDD and long-term O&M costs are less than an 

improvement involving storage. 

 

The potential disadvantages to sanitary sewer replacement/relief are: 

i. Peak flows downstream of sewer improvement will increase. 

ii. Potential increase to WWTP processes. 

iii. Excess flows are not removed from the sewer system. 

 

b. Pump Station Improvements 

Capacity upgrades to existing pump stations or the construction of new pump stations may 

be required to convey wet weather flows and prevent overflows or basement backups 

upstream of the pump station.  

 

The mechanical components within a pump station generally have a service life of 20 to 

30 years. As components age, the original design performance of the pump station can be 

reduced. It may be possible to achieve the original design performance by replacing 

various components in kind.  

 

In some cases, pump station upgrades consist of upsizing the original pump station as 

there is more flow being conveyed to the pump station than the pump station’s original 

design. This could be due to an increase in RDII and/or an increase in sanitary users. In 

some cases, the upgraded components can be installed and made to work within the 

existing pump station. In other cases, the upgrade is so significant that a new pump station 

is required.  

 

It is important to verify that the increase in peak flow from any pump station improvement 

does not cause sewer capacity issues downstream. In cases where that occurs, it may be 

more advantageous to pair the improved conveyance solution with storage or build storage 
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only (storage improvement category is subsequently discussed).  As well, it is important 

to note that alternatives that increase the system conveyance could result in added peak 

flows at the WWTP, thereby potentially requiring major capital costs and an increase to 

the plant’s yearly operation and maintenance (O&M) costs.  Evaluating WWTP capacity 

was outside the scope of this study; therefore, the cost-effectiveness and feasibility of 

increasing system conveyance will need to include an evaluation of WWTP capacity (both 

short-term capital costs and long-term O&M costs). 

 

The advantages to pump station improvements are: 

i. The threat of basement backups is reduced for events up to the design storm. 

ii. Generally, capital costs are less than FDD. 

 

The potential disadvantage to pump station improvements are: 

i. Peak flows downstream of the pump station will increase. 

ii. Potential increase to WWTP processes. 

iii. Excess flows are not removed from the sewer system. 

 

3. Storage 

Storage facilities can reduce SSOs and basement backups by storing peak flows that are greater 

than the sewer capacity and release the flow back into the system once the downstream facilities 

can provide adequate conveyance and treatment. There are two types of storage: in-line storage 

and off-line storage. Both storage types are discussed as follows. 

 

a. In-Line Storage 

In-line storage facilities are continuously routing system flows through the storage unit 

during dry and wet weather conditions. In-line storage can be an oversized pipe with a low 

flow channel to convey dry weather flows adequately or a parallel conduit. Flows enter 

and exit the in-line storage by gravity. 

 

The advantages to in-line storage are: 

i. The threat of basement flooding is reduced for events up to the design storm. 

ii. Peak flows are reduced to the downstream sewers. 

iii. The need for relief sewers is likely reduced. 

iv. In-line storage with adequate low flow channel requires less O&M than off-line 
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storage. 

 

The potential disadvantages to in-line storage are: 

i. Excess flows are not removed from the sewer system. 

ii. By-pass pumping during construction and servicing can be costly and can also 

create risk of flooding. 

iii. “Constructability” issues of fitting a larger pipe, or multiple pipes in the service 

area can be a factor. 

 

b. Off-Line Storage 

Off-line storage facilities are typically designed to only receive flows during wet weather 

conditions through a diversion chamber or pump station. The diversion can be passive like 

a weir or controlled like a gate or pump station. Dewatering an off-line storage facility 

may be accomplished by gravity or may also require a pump station. This type of storage 

can be above- or below-ground tanks or tunnels.  

 

The advantages to off-line storage are:  

i. The threat of basement flooding is reduced for events up to the design storm. 

ii. Peak flows are reduced to the downstream sewers. 

iii. The need for relief sewers is likely reduced. 

 

The potential disadvantages to off-line storage are:  

i. Land acquisition costs. 

ii. Long-term O&M is required. 

iii. “Constructability” issues of fitting a tank or tunnel in the service area.  

iv. Odor control and flushing systems are sometimes required. 

 

B. Recommended Capital Improvements 

The capital improvements recommended in this section are intended to address the issues that were 

identified in the sanitary sewer model and confirmed by observations during the June 2017 storm event 

(refer to Section 6 for detailed write-up of the issues encountered). Improvements/model results are 

categorized as follows: 
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• Priority 1 – These areas are where basement flooding was reported, and the model predicted 

surcharging supporting the reported basement flooding. The Priority 1 areas should be addressed 

prior to the Priority 2 areas. 

 

• Priority 2 – These areas are where limited basement flooding occurred during the June 2017 event, 

but which also show significant basement flooding risk during a more severe rain event (such as 

the 25-year, 24-hour design storm). The Priority 2 areas should be reviewed in the future and 

considered for potential improvements following completion of the Priority 1 improvements.   

 

• Phase 2 Investigation – These areas are where the model did not support the reported basement 

flooding and therefore, further investigations are recommended. The Phase 2 investigations are 

discussed in Section 8. 

 

Figure 6-12 shows the Priority 1 and 2 improvement locations and Phase 2 investigation areas. The 

remainder of this Section is dedicated to the Priority 1 areas. 

 

For each set of Priority 1 improvements, the following alternatives were investigated where feasible: 

 

• Alternative A – Footing Drain Disconnection (FDD) 

o Under this alternative, the number of FDDs are listed for each improvement location that 

would be required to eliminate the need for the project. 

o The number of FDDs are listed as a range for each improvement location. This is because of 

the potential uncertainty involved in determining the exact FD flow rate as RDII is 

combination of FD flows plus excess flows from other sources (as previously discussed). 

o FDD – High Range 

� The number of FDD for the high range is based on assuming 70% of RDII is from FD 

flow (refer to Figure 7-1). 

� It also assumes the average peak FD flow determined based on available data as 2.7 

gpm. 

o FDD – Low Range 

� The number of FDD for the low range is based on assuming 100% of RDII is from 

FD flow and that the flow per FD is 5 gpm. 

• 5 gpm is the high range from historical studies for the City of Midland. 

o As previously stated, if FDD is a selected alternative, it is recommended to initiate the FDD 
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program through a pilot study with pre- and post-project flow monitoring including sump 

pump monitoring. 

 

• Alternative B – Improved Conveyance 

o Under this alternative surcharging is eliminated in the improvement area with either pump 

station improvements or sanitary sewer replacement/relief for the design event. 

 

•  Alternative C – Storage 

o Under this alternative the required storage is listed, if possible, that will eliminate surcharging 

in the improvement area for the design event. 

 

• Alternative D – Combination 

o Under this alternative, a combination between FDD, improved conveyance and/or storage is 

provided where applicable. This hybrid alternative was developed to address flooding where 

FDD alone could not resolve flooding caused by the design event. 

 

• Alternative E – I/I Removal 

o Projects under this alternative involve removing non-footing drain I/I from the system 

generally through rehabilitation.  This includes project such as, but not limited to: sanitary 

sewer joint grouting, sanitary sewer lining, manhole grouting both interior and exterior, 

rebuilding manhole chimney (top part of manhole) with new watertight bolt down gasketed 

manhole frame and cover, raising manhole chimney above expected flood levels, and sealing 

all flood-prone pump station hatches and structures as best as possible.  It is important to note, 

however, that while Alternatives A through D, alone, are sized to accommodate the 25-year, 

24-hour design event, Alternative E alone will not likely address the design event.  As well, 

Alternative E will likely reduce the impact of I/I and may reduce the required capital 

improvements listed in Alternatives A through D.  Therefore, it is recommended to remove as 

much non-footing drain I/I from the system, as much as feasible and cost-effective, prior to 

constructing suggested capital improvement Alternatives, A through D, in the priority areas.  

In general, this will involve a process that includes evaluation and investigation prior to 

Alternative E rehabilitation (refer to Section 7.C). 
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There are 8 Priority 1 improvements areas listed as follows:  

 

1. Perrine Road Interceptor  

2. Whitewood Drive  

3. Sylvan Pump Station 

4. Moorland Pump Station 

5. Jefferson Pump Station 

6. Sylvan Lane  

7. Sturgeon Avenue  

8. Jefferson Avenue 

 

There are 4 Priority 2 improvements: 

 

9. Wilson Drive  

10. Adams Road  

11. East Sugnet Road 

12. East St. Andrews Road 

 

The alternatives for each improvement location are listed in Table 7-1. The lowest cost alternative is shaded 

in grey and the alternative that removes the most volume of excess flow from the system is shaded in green. 

 

General notes regarding the information presented in Table 7-1 are as follows: 

 

• Required pump station capacities were determined using the sanitary sewer model to determine the 

required capacity to pump the peak flow generated by the 25-year, 24-hour rain event with a Soil 

Conservation Service (SCS) Type-2 distribution. 

 

• Moorland and Jefferson PSs may be candidates for increasing capacity within the existing pump station 

structures. However, increasing capacity at the Sylvan PS will likely require complete replacement of 

the pump station. An overview of the pump station improvement alternatives is shown in Figure 7-2. 

 

• The force mains downstream of the pump station improvements were investigated and determined that 

hydraulically they would have sufficient capacity to convey the increased peak flows from the stations. 

However, these force mains should be inspected before any additional flow is added. Sylvan and 
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Jefferson force mains join together and ultimately terminate at the WWTP, so no additional gravity 

sewer improvements would be required for those stations. The Moorland PS force main terminates in 

the Perrine Rd. interceptor, which requires capacity improvements to convey the design event as listed 

in Table 7-1.  

 

• Off-line storage capacity was determined by evaluating the storage volume required to make up the 

difference between the existing firm capacity and the peak flows observed in the sanitary sewer model 

during the 25-year, 24-hour storm event.  

 

• Off-line storage within the Sylvan, Moorland and Jefferson pump station districts would allow the 

pump station improvement locations in question to remain in operation at their current firm capacities, 

while still resolving capacity issues during the design storm. Table 7-1 lists the volume required for 

each station, and how that storage can be provided. Conceptual drawings of these storage options are 

shown in Figure 7-3, Figure 7-4, and Figure 7-5 respectively. 

 
The storage facility for the Sylvan pump station is the largest, but the site also offers the most 

flexibility, given that the playing fields at Russell park provide a convenient location for a large 

underground facility. At Jefferson and Moorland PSs, the storage volumes are smaller, but the due to 

the residential settings of these facilities the storage options are limited to pipe storage constructed 

within the public Right-Of-Way (ROW). Further hydraulic analysis will be required to rule out the 

possibility that pumping would be required during filling or dewatering. 

 

• The sanitary sewer replacement/relief sewer alternatives require further constructability review to 

determine if these capacity improvements are best done as a remove and replace or by installing a 

parallel relief sewer. The estimates provided are based on replacement and temporary bypass pumping 

during construction. 

 

• Perrine Road and Sturgeon Avenue alternatives for improved conveyance are shown in Figure 7-6. 

Improved conveyance alternatives for Jefferson Avenue, Sylvan Lane, and Adams Drive are shown in 

Figure 7-7, along with the storage alternative for Sylvan Lane. Improved conveyance alternatives for 

East Sugnet Road, Wilson Drive, and East Saint Andrews Road are shown in Figure 7-8. 

 
 

The planning level cost estimates for the alternatives presented in Table 7-1 are listed in Table 7-2 with 

supporting cost estimates in Appendix 7B. The lowest capital improvement cost alternative is shaded in 
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grey and alternative that removes the most volume of excess flow from the system is shaded in green. In 

addition, Table 7-3 is an overall cost summary table that provides the lowest cost alternative for each 

project. This table also provides the cost range for an FDD program in these areas. The cost range provided 

is based on two differing FD flow rates (i.e. 2.7 gpm and 5 gpm). The rationale for the two FD flow rates 

is described above on page 7-10. 

 

C. Evaluation, Field Investigations & Alternative E 

Alternatives A through D are recommendations of proposed projects that have been developed to address 

the excess RDII associated with the 25-year design event.  Another recommended alternative/approach for 

the City to consider would be an ongoing evaluation, investigation and improvement program to help 

reduce RDII from entering their sanitary sewer system.  In general, the program would be as follows: 

 

1. (Pre-Project) Evaluation – The first step would be to identify areas that require 

investigation/improvement through a sanitary sewer meter study.  The meter study serves multiple 

purposes; it establishes a baseline condition prior to any system improvements, breaks down a 

larger area to several smaller areas so that future investigations and potential rehabilitations are 

more focused, and may help to isolate or prioritize the sub-districts for further investigations.  

 

2. Investigation – The second step would be to field investigate the priority areas established under 

the evaluation phase.  The type of field investigations includes: manhole inspections, smoke 

testing, dye testing, sewer televising, downspout survey and pump station investigation.  These 

types of investigations will show areas where potential sources of infiltration and inflow are 

entering the system via cross connections from the storm sewers, cracked pipes, root intrusion, 

etc. 

 
3. Improvement (Alternative E) – This third step would be to construct improvements based on the 

results of the investigation phase.  Minor improvements include: manhole rehabilitation, sanitary 

sewer rehabilitation, illicit stormwater disconnection (if any), and downspout disconnection (if 

any).    Typical minor manhole and sewer rehabilitation projects include items such as: pressure 

grouting, installing cured in place pipe segments, removing and replacing portions of damaged 

sewers, replace frame and cover with gasketed bolt-down cover, seal outside of manhole with 

butyl wrap, etc. 
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4. (Post Project) Evaluation – The fourth step would be to evaluate the effectiveness of constructed 

projects and determine if additional projects are necessary.  Typically, after constructing a series 

of minor rehabilitation projects within a meter district, it would be recommended to re-meter prior 

to constructing any major project such as a sanitary retention tank or footing drain disconnections. 

 

This process would be repeated throughout the excessive RDII areas in the City and generally, since sewers 

and manholes age over time, would be an on-going process.   

 

In terms of I/I removal, it is typical to follow this procedure of flow metering to determine priority areas, 

which leads to field investigations in the priority areas, in order to construct the required sewer 

improvements to remove the I/I.  As well, this process is more cost-effective and aids in allocating 

resources where they are needed the most as the following example illustrates. 

 

• Potential Rehab – Assuming only 10% of the City’s 1,075,500 linear feet of sewer and 4,400 

manholes requires rehabilitation, at approximately an average cost of $178/linear foot and 

$1,000/manhole, equals to approximately $19.7 million.   

 

• Potential Inspections – Assuming only 10% of the same linear footage and manholes in previous 

bullet, the average cost to clean, televise and inspect is approximately $700,000. 

 

• Potential Evaluation (Meter Study) – Assuming 20 meters for a 12-month study, the cost for a 

meter study is approximately $70,000 - $300,000 (depending on City staff involvement and 

equipment options). 

 
Therefore, in the example above, it can be seen that a meter study will aid in reducing and/or focusing the 

$700,000 field inspection costs, and the field inspections will aid in reducing and/or focusing the $19.7 

million in rehabilitation costs.   

  

Constructing the rehabilitation improvements will help to minimize the basement flooding and SSOs 

associated with wet weather impacts.  However, these corrections alone won’t typically achieve the level 

of correction required to address the main overall problem impacting the City’s sanitary collection system.  

The main source of RDII is related to the footing drains that are directly connected to the City’s sanitary 

system.  
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The other major source of inflow that enters the City’s sanitary collection system is a result of the high 

river levels that exceed the City flood stage.  Therefore, it is recommended that the City implement this 

process of evaluation, inspection and improvement (Alternative E) prior to any selected alternative listed 

in Table 7-1 (with the exception of the Whitewood Drive area as discussed in Section 8.E).   

 

It is challenging at this time to estimate a cost associated with Alternative E and the evaluation and 

inspection process; however, allocating $5 to $10 million for this task at this time is recommended initially.  

A suggested starting location to evaluate, investigate and improve (Alternative E), would be the flood 

prone areas.  It has been confirmed that the sewer system near an open water feature is a significant source 

of inflow, therefore, it is recommended that the City first focus on flood proofing the sanitary system in 

the areas susceptible to flooding when the river exceeds the flood stage (this is discussed in Section 8 under 

item C).  Then proceed in the other priority areas and phase 2 study areas as discussed in this report. 

 

As well, this process of evaluating, inspecting and improvement should be considered an ongoing task 

even once Alternative E projects have been completed by allocating a minimum of $500,000 annually for 

a system as large as the City of Midlands. 
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Number Alternative C - Storage

Area of Footing 

Concern Drains Number Percent Number Percent

1 Perrine Rd Valley 672 1,626 672 100% N/A New sewer - 13,100 LF Not Feasible N/A N/A

2 Whitewood Dr East Ashmen 161 206 95 59% 161 (3) 100% N/A

New sewer - 5,500 LF 

(10" to 12") & 700 gpm 

PS

N/A N/A N/A

3 Sylvan PS Sylvan 799 1,973 750 94%
90% Increase to 

7,900 gpm
N/A

600,000 gal basin under 

Russel Park

100% FDD + 0.15 

MG Storage

100% FDD + 40% PS 

increase to 5,900 gpm

4 Moorland PS Valley 190 530 90 47% 170 89%
60% increase to 

1,250 gpm
N/A

75,000 gal linear storage 

under roadway
N/A N/A

5 Jefferson PS Jefferson 96 237 70 73% 96 (3) 100%
50% increase to 

1,050 gpm
N/A

35,000 gal linear storage in 

PS easement
N/A N/A

6 Sylvan Lane Sylvan 473 764 300 63% 473 (3) 100% N/A
New sewer - 3,300 LF 

(18" to 24")

260,000 gal storage (1,300 

LF of 6ft pipe) (or use 

Church field)

N/A N/A

7 Sturegon Ave Valley 45 323 N/A
New sewer - 3,400 LF 

(12" to 18")
Not Feasible N/A N/A

8 Jefferson Ave Sylvan 350 486 156 45% 289 83% N/A
New sewer - 1,800 LF 

(15" to 18")

106,000 gal storage (500 LF 

of 6ft pipe storage)
N/A N/A

9 Wilson Dr Jefferson 24 160 N/A

Add interconnection at 

Wheeler and 

Washington (and do E. 

Sugnet CIP) (2)

21,000 gal storage
New sewer - 2,300 

LF (10" to 12")
N/A

10 Adams Dr Sylvan 135 266 86 64% 135 (3) 100% N/A
New sewer - 3,600 LF 

(10" to 12")

33,000 gal linear storage 

under roadway (160 LF 6ft 

pipe storage)

N/A N/A

11 East Sugnet Rd Nelson 216 242 64 30% 119 55% N/A

Modify 100 LF of sewer 

to better utilize the 

Sugnet/Concord PS (1)

50,000 gal storage
New sewer - 2,400 

LF (10" to 12")
N/A

12
East St. Andrews 

Rd.
Nelson 130 132 22 17% 41 32% N/A

New sewer - 800 LF (8" 

to 10")
12,000 gal storage N/A N/A

Notes:

(1) - This alternative requires additional field investigation to verify conditions.  This would be investigated as part of Phase 2 study effort. 

(2) - This suggested alternative requires that the East Sugnet Road CIP conveyance improvement be implemented.

(3) - 100% FD removal still requires a minor amount of storage under the FDD - High alternative column to address the 25 year design event.  

(4)

Alternative E - 

I/I Removal

(4) - City-wide I/I investigation and removal program (refer to Section 7 (page 7-14) and Section 8 for additional information).  Completion of Alternative E will determine the extent of capital improvements needed in Alternatives A through D.

Table 7-1: Summary of CIP Alternatives Reviewed 

Option 1

Total 

Number 

of Parcels Option 2

Alternative D - Combination

Off-Line Storage

N/A

See Alt D

N/A

Not Feasible Not Feasible

Not Feasible

Alternative A - FDD

Major Pump 

Station DistrictItem 

FDD - Low FDD - High

Alternative B - Improved Conveyance

Sanitary Sewer 

Replacement/Relief

Pump Station 

Improvements
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Alt C - Storage

Item Area of Concern FDD - Low FDD - High

P.S. 

Improvements

 Sanitary Sewer 

Replacement/ 

Relief Off-Line Storage Option 1 Option 2

1 Perrine Rd 10,416,000$      N/A N/A  $       9,906,000 N/A N/A N/A

2 Whitewood Dr 1,473,000$        $2,496,000 (3) N/A  $       6,827,000 N/A N/A N/A

3 Sylvan PS 11,625,000$      see Alt D  $     11,673,000  N/A 10,658,000$        $     15,630,000  $     15,325,000 

4 Moorland PS 1,395,000$        2,635,000$         $       1,639,000 N/A  $         2,600,000 N/A N/A

5 Jefferson PS 1,085,000$        $1,488,000 (3)  $       1,189,000 N/A  $         2,201,000 N/A N/A

6 Sylvan Lane 4,650,000$        $7,332,000 (3)  N/A  $       3,260,000  $         4,068,000 N/A N/A

7 Sturgeon Ave N/A N/A N/A  $       2,047,000 N/A N/A N/A

8 Jefferson Ave 2,418,000$        4,480,000$         N/A  $       1,411,000  $         2,828,000 N/A N/A

9 Wilson Dr N/A N/A N/A  $      189,000 (2)  $         1,878,000  $       2,368,000 N/A

10 Adams Dr 1,333,000$        $2,093,000 (3)  N/A  $       3,640,000  $         2,228,000 N/A N/A

11 East Sugnet Rd 992,000$           1,845,000$         N/A  $      203,000 (1)  $         2,213,000  $       2,451,000 N/A

12

East Saint    

Andrews Rd. 341,000$           636,000$           N/A  $           650,000  $         1,735,000 N/A N/A

 - lowest cost Alternative

 - Alternative that removes most flow from system

 - Alternative with lowest cost and removes most flow from system

Notes:

(1) - This alternative requires additional field investigation to verify conditions.  This would be investigated as part of Phase 2 study effort. 

(2) - This suggested alternative requires that the East Sugnet Road CIP conveyance improvement be implemented. Add yellow highlighted

cells for a total project cost for project 11B.

(3) - 100% FD removal still requires a minor amount of storage under the FDD - High alternative column to address the 25 year design event.  

(4) - Cost to be determined based on I/I investigation and required improvements.

Table 7-2: Summary of CIP Alternatives Estimated Costs 

Alternative A - FDD Alt B - Conveyance Alt D - Combination

(4)

Alt E - I/I 

Removal
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Table 7-3: Alternative CIP Cost Summary 

Project 
No. Area of Concern Lowest Cost Alternative 

Estimated 
Lowest Cost 
Alternative  
($ Million) 

FDD Estimated Cost Range                   
($ Million) 

(FD @ 5 GPM)  (FD @ 2.7 GPM)  

1 Perrine Rd Alt B - Sewer Replacement/Relief $9.9       $10.4        (1)      

2 Whitewood Dr Alt A- FDD - Low (5 GPM) $1.5       $1.5       $2.5       

3 Sylvan PS Alt C - Off-Line Storage $10.7       $11.6       $15.3       

4 Moorland PS Alt A- FDD - Low (5 GPM) $1.4       $1.4       $2.6       

5 Jefferson PS Alt A- FDD - Low (5 GPM) $1.1       $1.1       $1.5       

6 Sylvan Lane Alt B - Sewer Replacement/Relief $3.3       $4.7       $7.3       

7 Sturgeon Ave Alt B - Sewer Replacement/Relief $2.0        (1)       (1)      

8 Jefferson Ave Alt B - Sewer Replacement/Relief $1.4       $2.4       $4.5       

9 Wilson Dr Alt C - Off-Line Storage $1.9        (1)       (1)      

10 Adams Dr Alt A- FDD - Low (5 GPM) $1.3       $1.3       $2.1       

11 East Sugnet Rd Alt B - Sewer Replacement/Relief (2) $0.2       $1.0       $1.8       

12 East St. Andrews Rd. Alt A- FDD - Low (5 GPM) $0.3       $0.3       $0.6       

TOTAL $35.0       $35.7       $38.3       

Notes:           

(1) - FDD is not a feasible alternative based on area and limited number of FDs available to disconnect from  

    system.         

(2) - This Alternative requires additional field investigation under Phase 2.     
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Section 8  -  Phase 2 – Future Study/Investigations  
 

In addition to the Priority 1 capital improvements recommended in the previous section, there are various 

components of the system that are recommended for additional inspection or study. 

 

A. Targeted Metering Study 

During the modeling study, numerous isolated areas of the City were identified which reported basement 

backups during the June 2017 event, but which did not appear to have capacity issues reproducible in the 

model. These areas are recommended for targeted flow metering to evaluate and determine the causes of 

these backups. These areas include: 

 

1. Gibson Street: This area includes the intersection of Gibson Street and Sturgeon Avenue and 

follows Gibson Street roughly 1,000 ft to the east, and Sturgeon Avenue roughly 500 ft to the 

north. 

2. North Campau Drive: This area centers around the intersection of Campau Drive and Dilloway 

Drive and extends approximately 500 ft in each direction.  

3. Sylvan Pines: This includes the Sylvan Pines residential development located on the west side of 

Tucker Street just north of Wheeler Street. 

4. Crescent Drive: This area centers on the intersection of Crescent Drive and Berkshire Court and 

extends approximately 500 ft in all directions. 

5. Norwich Court: This area includes the entire 800-ft length of Norwich Court, bounded by Concord 

Street to the east, and the cul-de-sac to the west.  

6. Whitewood Drive: This area includes Whitewood Drive west of Waldo, and all tributary sewers 

to Whitewood Drive. As discussed in Section 6, the flooding reported in this area was initially not 

replicated in the model until FD flow was increased to approximately 5 gpm. While this rate of 

flow per FD is possible, there are other factors that could also be contributing to the flooding 

reported in this area. Such as higher flows than expected from newer developments on Waldo 

Road in the Whitewood Drive area, or an inefficient sewer connection at the Whitewood Drive 

and Waldo Avenue intersection.  

 

A limited number of the City’s pump stations have flow meters installed. These stations, along with the 

WWTP, are the only sources of sanitary sewer flow data for the City. This creates a significant challenge 

when attempting to study local areas within the system. It is recommended that additional flow meters be 
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installed at several pump stations. Magnetic flow meters installed on the pump discharge piping would 

provide accurate data for future study and would also be useful for monitoring daily operations. It is 

recommended that flow meters be installed at the following pump stations: 

 

• Wyman and Valley: These are major stations, data from these would provide a big-picture look at 

the flows generated on the west side of the City.  

• Currie and Smith: Data from these locations would give a clear picture of the behavior of the 

behavior of the sanitary sewers in the area of the City South of the Tittabawasee River.  

• Walden Woods: Residential area with average year of construction of 1992. Of 187 parcels fewer 

than five were built before 1987, when footing drains were allowed to be connected to the sanitary 

sewers. This pump station district would provide a good baseline for expected flows from areas 

without connected footing drains. 

 

In addition, it is recommended that the City consider maintaining an inventory of 10 to 15 area-velocity 

meters to be installed throughout the City to further study the sanitary sewer system as needed. These units 

can be relocated periodically in order to further evaluate areas of concern. 

 

B. Pump Station Inspections 

The City owns and operates 42 sanitary pump stations located throughout the City. The performance of 

these stations is vital to the performance of the City’s sanitary sewer system. The stations are summarized 

in Table 8-1 which shows names, firm capacities, and years of construction for each.  

 

The City currently executes a sewer maintenance regimen which involves cleaning the sanitary sewers 

throughout the City on a rotating basis, covering the entire City every two years. This is an important effort 

and helps to prevent issues that would otherwise occur due to blockages that build up over time. It is 

recommended that a similar program be undertaken for regular inspection of pump stations. Recommended 

aspects of the program include: 

 

• Details condition assessment of a least one pump station per month (meaning each pump station 

would be inspected approximately every 4 years). 

• Flow testing, pressure readings, and amp draw recorded for each pump and motor. 

• Firm capacity flow test (flow test performed with all pumps operational except for one of the 

largest pumps). 

• Exercise and inspection of all valves. 
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• Assess and record any noticeable structural defects, pipe leaks, or other issues. 

 

Table 8-1. Pump Station Age and Capacity 

Station Capacity  Vintage  Station Capacity Vintage 

Alpine 245 gpm 1976  Renee 84 gpm 1998 

Bay City Road 400 gpm 1976  Rockwell 400 gpm 1976 

Chippewa 170 gpm 1998  Sandow 100 gpm 2009 

Clay Street 730 gpm   Smith 900 gpm 1988 

Contractor Dr 50 gpm 2009  State Street 1,200 gpm 1994 

Countryside 320 gpm 2003  Stoneridge 125 gpm 1994 

Currie 600 gpm 1961  Stratford Park 131 gpm 1976 

Dublin 300 gpm 1994  Stratford Pines 120 gpm 1985 

East Ashman 1,820 gpm 2002  Sugnet/Concord 330 gpm 1979 

Eastman Avenue 840 gpm 1988  Sugnet/Saginaw 2,100 gpm 1973 

Elizabeth 4,900 gpm 1973  Sugnet/St. Andrews 330 gpm 1979 

Emerson 3,200 gpm 1959  Sylvan 4,750 gpm 1988 

Fairgrounds 250 gpm 1982  Towsley 140 gpm 1936 

Jefferson Acres 700 gpm 1988  Valley 11,000 gpm 2002 

Kent Street 5,060 gpm 1958  Vance Road 100 gpm 1991 

Landfill 315 gpm 1960  Wackerly/Sturgeon 220 gpm 1989 

Mall 400 gpm 1991  Walden Woods 220 gpm 1987 

Moorland 950 gpm 1978  Washington 50 gpm 1991 

Nelson 10,000 gpm 2002  Wheeler 320 gpm 1996 

Patrick 1,780 gpm 2002  Winterberry 66 gpm 2001 

Perrine 500 gpm 2002  Wyman 4,200 gpm 1940 

Note: Blank entries indicate information was not available 

 

 

In addition to these inspection tasks, information on how each station operates should be collected and 

recorded. Specifically, this should include documenting wet well level setting used to switch each pump 

on and off. Among other things, this data can be used in the future to improve the sanitary sewer system 

model and provide more accurate simulations of how pump station performance impacts the system. 

 

Several pump stations are shown in the model as performing at or close to their rated firm capacity during 

the 25-year, 24-hour design storm. Of these, most do not appear to be stressed to the point of causing 

flooding or backups (those that that are at risk for causing issues are discussed in the Section 7). Because 

many assumptions related to pump station operation were made when developing the model, capital 

improvements are not recommended at this time for these facilities because the potential issues identified 

in the model were not verified with real world observations. However, these stations should be prioritized 

for inspection as described above, the information collected could then be used to refine the sanitary sewer 

model and evaluate these stations’ performance with greater accuracy.  
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The list of pump stations (19 recommended) to prioritize for inspection includes: 

• Dublin  

• Emerson 

• Fairgrounds 

• Jefferson 

• Mall  

• Moorland 

• Rockwell  

• Perrine Rd 

• Sandow  

• Stoneridge  

• Sylvan 

• Towsley  

• Valley 

• Wackerly/Sturgeon 

• Walden Woods  

• Washington  

• Wheeler  

• Winterberry  

• Wyman 

 

C. Sewer Televising, Condition Assessment and Consider Flood Proofing Structures 

The City has approximately 18.5 linear miles (or 98,000 linear feet) of sewer, 9 pump stations, and 

approximately 306 manholes located inside or within 100 feet of the 100-year floodplain or other open 

channel water feature. During any significant rainfall and flooding event, these sewers, pump stations and 

manholes can be significant sources of excess flows that can overwhelm sewers and hydraulically stress 

the WWTP. These sewers and manholes should be televised and inspected during the spring when the 

ground water table is typically at its highest. 

 

Inspections should include condition assessment and scoring using the National Association of Sewer 

Service Companies’ (NASSCO) Pipe Assessment Certification Program (PACP) and Manhole Assessment 

Certification Program (MACP) procedures. These inspection techniques record defects throughout the 

pipe/manhole and use that information to develop an overall condition rating. Pipes and manholes with 

poor condition ratings are likely sources of excess flows and should be targeted for rehabilitation or 

replacement. 

 

Additionally, the City should consider review of flood proofing the manholes, pump stations and any other 

sanitary sewer structure that is in or near any open channel water feature. Typically, manholes are made 

more flood resilient by raising the rim above the expected flood stage. This may not be feasible or is 

unsightly with structures sticking out of the ground 8 feet or more. As well, flood proofing a pump station 

structure may also be impractical or not feasible. Therefore, flood proofing the structures may also require 

a pilot study to test out various flood proofing technologies.  

 

D. Rainfall Data Collection 

The rainfall data used for this study was hourly data which is recorded at Barstow Airport. For the purpose 

of continuing to study the sanitary sewer system’s response to wet weather it is recommended that at least 

two 5-minute logging rain gauge be installed within the City and connected to the City’s SCADA system. 

The data collected should be tabulated and stored in a way that would allow it to be easily retrieved and 
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used for future analysis. 5-minute rainfall data will provide a higher resolution of the rain event, allowing 

for more precise analysis of rain events that occur within the City.  

 

E. Short-Term Corrective Action Plan Schedule 

The following are short-term action items related to the sanitary sewer system: 

 

Short-Term (12-30 months) 

In general, the short-term plan includes three (3) distinct categories of work that includes evaluation in the 

form of sanitary sewer flow metering, field investigations for the pump stations and the flood-prone sewers 

and developing a footing drain disconnection pilot program.  Each are generally described with an 

approximate time frame as follows: 

 

1. Evaluation – Approximately 20 Months 

o Develop a comprehensive flow monitoring plan. 

• Due to the system complexities, strategic meter locations are required. 

• It is recommended to obtain at least 1 full year of data in order to capture seasonal 

fluctuations. 

• Proper data analysis techniques are required to assess projected peak flows and 

determine priority areas that should be field investigated or subdivided and re-

metered. 

o Purchase/receive monitoring equipment (including rain gauges). 

o Install meters and rain gauges as determined from the comprehensive flow monitoring plan 

and collect data through at least January 1, 2020. 

o Data analysis and report. 

 

2. Field Investigations – Approximately 12 Months 

o Pump station investigations (includes performance testing/draw-down tests). 

o Smoke testing, dye testing, manhole inspections and CCTV of sewers and sanitary structures 

in flood-prone areas.  It would be ideal, if possible, to CCTV in the spring when the ground is 

saturated. 

o Pump station analysis and report. 

o Flood-prone areas analysis and report. 

 

  



 

  City of Midland 
  Storm and Sanitary Sewer Study 
y:\201705\20170595\03_studies\working\report\20180827_final2\20180827_volume3_sanitary.docx 8-6 Volume 3 – Sanitary Sewer Study 

3. Develop Footing Drain Disconnection Pilot Program (i.e. Whitewood Subdivision would be a 

good candidate) – Approximately 18 to 30 Months  

o Install sanitary sewer meters at strategic locations in the Whitewood area to establish base line 

flows.  Monitoring during and after disconnections is recommended. 

o Develop public engagement campaign for Whitewood residents regarding the voluntary pilot 

disconnection program. 

o Conduct Whitewood public engagement campaign (including items such as public survey, 

individual meetings/discussions with Whitewood residents and public meetings with the 

subdivision).  Obtain consent from homes willing to disconnect footing drains voluntarily. 

o Disconnect footing drains in Whitewood area of all homeowners that volunteered (this may 

extend this task from 18 to 30 months depending on number of volunteers). 

o Data analysis and report. 

 

Following these short-term activities, the City could host several public meeting to review the results of 

the Whitewood footing drain disconnection pilot program, as well as, the results of all the evaluation and 

field investigations along with the next steps.  The next steps are likely to include continued evaluation 

and field investigations in the priority areas determined from the metering, with rehabilitation in the areas 

already field investigated, and additional voluntary footing drain disconnects.   
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Section 9  -  Conclusions & Recommendations 
 

A. Conclusions 

 

This study covers the investigation of the flooding that occurred in the City of Midland’s sanitary sewer 

system as a result of the June 2017 storm event. The study included the following efforts: 

i. Extensive data collection of sewer system from as-built construction drawings, GIS data, 

SCADA of WWTP, and pump station historical trended data, various matrices and data records 

from City, etc. 

ii. Field surveys 

iii. Model creation, calibration and validation 

iv. Proposed capital improvements for known or modeled areas of concern. 

v. Planning level cost estimates for alternatives reviewed 

 

B. Recommendations 

 

The following recommendations are suggested measures for the City’s consideration going forward. 

 

1. Alternative A: Footing Drain Disconnections 

Footing drain disconnections, as described in Section 7.A.1, is recommended for the following 

Areas of Concern 

• Moorland Pump Station 

• Whitewood Drive 

• Adams Drive 

• East St. Andrews Road 

FDD for the areas listed have the lowest estimated costs. A FDD program will also provide the 

added benefit of reducing inflow to the sewer system. The total planning-level estimated cost for 

FDD in these areas ranges between $5.6 and $9.3 million. Flow monitoring should be performed 

in these areas in order to quantify the flow contribution to the sanitary sewers from footing 

drains in each area. This information is needed to develop more accurate cost estimations. It will 

also help to better outline project scopes.  
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2. Alternative B: Improved Conveyance 

Improved conveyance, as described in Section 7.A.2, is recommended for the following Areas of 

Concern: 

• Perrine Road 

• Sturgeon Road 

• Jefferson Ave 

• Sylvan Lane 

• Jefferson Pump Station 

• East Sugnet Road 

Improved conveyance is the alternative for these areas which has the lowest estimated cost. The 

improvements will allow these sanitary sewers to hydraulically convey flow downstream more 

quickly and eliminate bottlenecks that can result in backups and potential basement flooding in 

these areas. The total planning-level estimated cost for improved conveyance in these areas is 

$16.6 million. 

 

Note that although capital improvements are recommended for the Jefferson PS it is recommended 

that this pump station be flow tested to verify its firm capacity before moving forward with 

improvements. 

 

3. Alternative C: Offline Storage 

Offline storage, as described in Section 7.A.3, is recommended for the following Areas of 

Concern: 

• Sylvan Pump Station 

• Wilson Drive 

Offline storage is the alternative for these areas that has the lowest estimated costs. These 

improvements will provide storage at these locations where excess flow can be held when sewer 

capacity is exceeded. This will prevent backups in these areas by providing an outlet for those 

excess flows. The total planning level estimated cost for offline storage in these areas is $12.5 

million. 

 

4. Alternative D: Combination 

Alternative D – Combination are listed for three (3) of the areas of concern, Sylvan PS, Wilson 

Dr, and East Sugnet Rd.  The alternative combination refers to a combination of Alternatives A 

through C or other relief option. 
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5. Alternative E: I/I Removal 

Projects under this alternative involve removing non-footing drain I/I from the system generally 

through rehabilitation.  In general, this will involve a process that includes evaluation and 

investigation prior to Alternative E rehabilitation.  This includes rehabilitation projects such as, 

but not limited to: sanitary sewer joint grouting, sanitary sewer lining, manhole grouting both 

interior and exterior, rebuilding manhole chimney (top part of manhole) with new watertight bolt 

down gasketed manhole frame and cover, raising manhole chimney above expected flood levels, 

and sealing all flood-prone pump station hatches and structures as best as possible.  It is important 

to note, however, that while Alternatives A through D, alone, are sized to accommodate the 25-

year, 24-hour design event, Alternative E alone will not, and would require a combination of 

Alternatives A through D to accommodate the design event.  However, it is recommended to 

remove as much non-footing drain I/I from the system, as much as feasible and cost-effective, 

prior to constructing alternatives in the priority areas.  The potential benefit of Alternative E is that 

it may minimize the Alternative A through D capital improvements required to address the design 

event.   

 

C. Future Study Recommendations 

 

1. Targeted Metering 

A sanitary sewer metering study is recommended at the following locations, as described in 

Section 8.A. Targeted metering in these areas will help pinpoint the cause of the flooding that 

occurred during the June 2017 event.  

• Gibson Street 

• North Campau Drive  

• Sylvan Pines 

• Crescent Drive 

• Norwich Court 

In addition, magnetic flow meters should be installed on the discharge piping of the following 

pump stations: These flow meters would provide valuable long-term data on flows in the system 

and have an added benefit of providing real-time operations information. 

• Wyman 

• Valley 

• Currie 
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• Smith 

• Walden Woods 

 

2. Pump Station Inspections 

A program of pump station inspections is recommended for all of the City’s pump stations as 

described in Section 8.B. The initial rounds of inspections should prioritize the following pump 

stations: 

• Dublin  

• Emerson 

• Fairgrounds 

• Jefferson 

• Mall  

• Moorland 

• Rockwell  

• Perrine Rd 

• Sandow  

• Stoneridge  

• Sylvan 

• Towsley  

• Valley 

• Wackerly/Sturgeon 

• Walden Woods  

• Washington  

• Wheeler  

• Winterberry  

• Wyman 

 

3. Additional Recommendations 

The following additional tasks are recommended as well: 

• Televising, condition assessment, and flood proofing of manholes and sewer located near 

the floodplain as described in Section 8.C. 

• Collection of high-resolution rainfall data as described in Section 8.D. 

• Investigation and removal of additional RDII discussed in Section 7 as Alternative E. 

 

In summary, this report is the first major step towards system improvements that reduce the impact of 

significant rain and flooding events.  Given the significant project costs of the capital improvements, it is 

recommended to proceed using a measured, comprehensive approach with proper planning for short-term 

and long-term studies, investigations and improvement projects.  This process will take time and it will be 

important throughout the next several years of studying, investigating and improving of the sewer systems 

to continue to educate and engage the public on all aspects of this solution process. 
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NOAA Atlas 14, Volume 8, Version 2 
Location name: Midland, Michigan, USA* 
Latitude: 43.6391°, Longitude: -84.2312° 

Elevation: 625.33 ft** 
* source: ESRI Maps 

** source: USGS 

POINT PRECIPITATION FREQUENCY ESTIMATES
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PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years) 

1 2 5 10 25 50 100 200 500 1000

5-min
0.278

(0.221-0.360)
0.329

(0.261-0.427)
0.417

(0.329-0.541)
0.492

(0.386-0.642)
0.602

(0.457-0.812)
0.691

(0.511-0.940)
0.784

(0.558-1.09)
0.881

(0.600-1.25)
1.02

(0.663-1.47)
1.12

(0.710-1.64)

10-min
0.407

(0.323-0.528)
0.482

(0.382-0.625)
0.610

(0.481-0.792)
0.721

(0.566-0.940)
0.882

(0.670-1.19)
1.01

(0.748-1.38)
1.15

(0.817-1.59)
1.29

(0.878-1.83)
1.49

(0.970-2.15)
1.64

(1.04-2.40)

15-min
0.497

(0.394-0.644)
0.588

(0.466-0.762)
0.744

(0.587-0.966)
0.879

(0.690-1.15)
1.08

(0.817-1.45)
1.23

(0.912-1.68)
1.40

(0.996-1.94)
1.57

(1.07-2.23)
1.82

(1.18-2.63)
2.01

(1.27-2.93)

30-min
0.723

(0.574-0.937)
0.858

(0.680-1.11)
1.09

(0.858-1.41)
1.29

(1.01-1.68)
1.57

(1.19-2.12)
1.80

(1.33-2.45)
2.05

(1.46-2.83)
2.30

(1.56-3.25)
2.65

(1.73-3.83)
2.92

(1.85-4.27)

60-min
0.935

(0.742-1.21)
1.11

(0.880-1.44)
1.41

(1.12-1.84)
1.68

(1.32-2.19)
2.06

(1.57-2.79)
2.38

(1.76-3.24)
2.71

(1.93-3.76)
3.06

(2.08-4.33)
3.54

(2.31-5.13)
3.92

(2.48-5.73)

2-hr
1.15

(0.920-1.46)
1.36

(1.09-1.74)
1.74

(1.39-2.23)
2.07

(1.64-2.66)
2.56

(1.97-3.41)
2.95

(2.21-3.98)
3.37

(2.43-4.63)
3.81

(2.63-5.36)
4.43

(2.92-6.38)
4.93

(3.15-7.15)

3-hr
1.26

(1.02-1.60)
1.50

(1.21-1.90)
1.91

(1.54-2.43)
2.28

(1.82-2.91)
2.83

(2.20-3.76)
3.29

(2.48-4.41)
3.77

(2.74-5.16)
4.29

(2.98-6.01)
5.02

(3.34-7.20)
5.61

(3.61-8.10)

6-hr
1.49

(1.22-1.87)
1.74

(1.42-2.18)
2.20

(1.79-2.75)
2.62

(2.12-3.30)
3.28

(2.59-4.33)
3.84

(2.94-5.11)
4.45

(3.27-6.05)
5.11

(3.59-7.12)
6.07

(4.08-8.66)
6.85

(4.46-9.82)

12-hr
1.76

(1.46-2.17)
2.01

(1.66-2.48)
2.49

(2.05-3.07)
2.96

(2.42-3.67)
3.71

(2.98-4.88)
4.38

(3.40-5.79)
5.12

(3.82-6.92)
5.95

(4.24-8.24)
7.16

(4.88-10.2)
8.17

(5.36-11.6)

24-hr
2.05

(1.71-2.48)
2.30

(1.93-2.80)
2.82

(2.35-3.43)
3.35

(2.77-4.09)
4.20

(3.42-5.47)
4.97

(3.92-6.52)
5.84

(4.42-7.83)
6.82

(4.92-9.37)
8.26

(5.69-11.6)
9.46

(6.28-13.3)

2-day
2.33

(1.98-2.78)
2.63

(2.23-3.15)
3.23

(2.73-3.87)
3.83

(3.21-4.61)
4.79

(3.94-6.14)
5.65

(4.50-7.30)
6.61

(5.05-8.74)
7.68

(5.60-10.4)
9.26

(6.45-12.9)
10.6

(7.09-14.8)

3-day
2.54

(2.17-3.01)
2.86

(2.44-3.39)
3.49

(2.97-4.15)
4.11

(3.47-4.90)
5.10

(4.22-6.48)
5.98

(4.79-7.66)
6.97

(5.36-9.15)
8.06

(5.91-10.9)
9.67

(6.78-13.4)
11.0

(7.43-15.3)

4-day
2.73

(2.35-3.21)
3.06

(2.63-3.61)
3.70

(3.16-4.37)
4.33

(3.68-5.14)
5.33

(4.43-6.72)
6.22

(5.00-7.91)
7.20

(5.57-9.40)
8.30

(6.11-11.2)
9.90

(6.97-13.7)
11.2

(7.62-15.6)

7-day
3.24

(2.81-3.76)
3.59

(3.12-4.18)
4.27

(3.69-4.98)
4.91

(4.22-5.76)
5.93

(4.97-7.35)
6.82

(5.53-8.55)
7.79

(6.07-10.0)
8.87

(6.59-11.8)
10.4

(7.41-14.3)
11.7

(8.02-16.2)

10-day
3.68

(3.22-4.24)
4.08

(3.56-4.70)
4.81

(4.18-5.57)
5.49

(4.75-6.39)
6.56

(5.51-8.04)
7.47

(6.09-9.29)
8.46

(6.63-10.8)
9.56

(7.13-12.6)
11.1

(7.94-15.1)
12.4

(8.55-17.1)

20-day
4.93

(4.36-5.59)
5.48

(4.84-6.22)
6.44

(5.68-7.35)
7.31

(6.40-8.38)
8.61

(7.30-10.3)
9.68

(7.97-11.8)
10.8

(8.56-13.6)
12.1

(9.08-15.7)
13.8

(9.92-18.5)
15.2

(10.6-20.7)

30-day
6.01

(5.37-6.76)
6.70

(5.97-7.54)
7.86

(6.98-8.88)
8.88

(7.83-10.1)
10.3

(8.81-12.3)
11.5

(9.55-13.9)
12.8

(10.2-15.9)
14.1

(10.7-18.1)
15.9

(11.5-21.1)
17.3

(12.1-23.4)

45-day
7.46

(6.71-8.31)
8.31

(7.46-9.27)
9.70

(8.68-10.9)
10.9

(9.66-12.2)
12.5

(10.7-14.6)
13.8

(11.5-16.4)
15.0

(12.0-18.5)
16.3

(12.4-20.8)
18.1

(13.1-23.9)
19.4

(13.7-26.2)

60-day
8.75

(7.92-9.68)
9.73

(8.79-10.8)
11.3

(10.2-12.6)
12.6

(11.2-14.1)
14.3

(12.2-16.5)
15.5

(13.0-18.4)
16.8

(13.5-20.5)
18.0

(13.8-22.8)
19.6

(14.3-25.7)
20.8

(14.7-27.9)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS). 

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates 
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds 
are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values. 

Please refer to NOAA Atlas 14 document for more information. 
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Michigan Department of Environmental Quality 

Sanitary Sewer Overflow 
Policy Statement 

December 27, 2002 
 
 

The Michigan Department of Environmental Quality (MDEQ) has consulted with a 
stakeholder group to develop guidance for implementing the May 2000 “Strategy for the 
Regulatory Control and Correction of Illegal Overflows from Separate Sanitary Sewer 
Systems in Michigan.”  The MDEQ and the stakeholder group recognize that Sanitary 
Sewer Overflows (SSOs) are a result of many different circumstances.  The parties also 
recognize that there may be many different approaches to correcting SSOs.  Given these 
considerations the SSO Guidance Document identifies the following as core elements of 
the program. 
 
 

• State and Federal Regulations for SSOs require either the elimination of all SSOs 
or treatment of SSOs to the Federal categorical secondary wastewater treatment 
standard.  The MDEQ acknowledges that total elimination or secondary treatment 
of all SSOs is not practical or economically feasible.   

 
• The MDEQ does not authorize the discharge of raw or partially treated SSOs.  

However, enforcement discretion will be considered for communities 
experiencing SSOs that are implementing a corrective action program which is 
equivalent to the remedial design standard of the 25-year/24-hour storm, using 
growth conditions and normal soil moisture.  An analysis of available data 
indicates that communities implementing corrective action programs to this 
remedial design standard will have on average less than one overflow per ten 
years.   

 
• Corrective Action Programs (CAPs) to achieve the remedial design standard shall 

be contained in a legally enforceable document.  
a. CAPs shall be phased and contain progress reports, decision points, 

milestones, and time frames.   
b. Generally a CAP shall be completed within a 10 to 20 year timeframe.   
c. The Initial Phase, if not already completed previously, shall at a minimum 

include implementation of the Short-Term SSO Control Measures.  
d. The Implementation Phase shall detail the program to achieve the remedial 

design standard. 
 

• Flexibility in establishing milestones and timeframes during the implementation 
phase will be considered on a case-by-case basis and will consider such 
information as: 

a. Cost of the corrective program, 



b. The economic burden on the community and its ability to fund additional 
projects, 

c. The type of corrective program implemented, 
d. The complexity of implementing the corrective program, 
e. The environmental gain the program will create, and  
f. The relation the program has with other planned or ongoing programs.   

Programs that focus on drying up separate sanitary sewer systems will be given 
consideration for longer timeframes to complete the implementation phase.   
 

• Communities should plan and design future infrastructure operations and 
improvements with the goal of eventual elimination or treatment to the secondary 
wastewater treatment standards for all SSOs.   



     
   Michigan Department of Environmental Quality  
     Clarification Statement  
       Sanitary Sewer Overflow Policy Statement 
      Water Consortium Comments on SSO Policy 
 
 
This correspondence is intended to provide clarification of the Michigan Department of Environmental Quality’s 
(MDEQ) Sanitary Sewer Overflow (SSO) Policy Statement, dated December 27, 2002, with regard to the policy 
comments provided at the Water Consortium meeting of June 4, 2003. Clarification is provided to articulate 
MDEQ’s position and interpretation of the SSO Policy Statement for the benefit of the local units of government. 
Responses are provided below to each of the bulleted comments received and discussed at the June 4 meeting. 
 
1st Bullet  
• The policy does not state that the overall objective is to eliminate "preventable" SSO's.  The 

advantage of focusing on the elimination of preventable events was the implicit recognition 
that all SSOs could not really be eliminated.  Plus, it moved us toward trying to identify 
some remedial standard.  The purpose and advantage of such a standard was that it would 
distinguish what can be eliminated from what cannot. This distinction is important for the 
regulatory agency, the community, and the public.  
 
Importantly, the policy recognizes that total elimination is not feasible.  But other language 
refers to the goal as eventual elimination of all SSOs, thus obfuscating the actual intent of the 
policy.  The perception is that after achieving whatever is determined to be the remedial 
standard, the goal will not have been achieved, and that, in and of itself, will trigger other 
regulatory action.  Instead, further regulatory action should be driven by environmental 
impact. 
 

The SSO Policy Statement explicitly states that (1st page, first bullet): “The MDEQ acknowledges that total 
elimination or secondary treatment of all SSOs is not practical or economically feasible.” Clearly, this is an 
affirmation on the agency’s part that, despite compliance with the applicable remedial design standard, some SSOs 
will occur. The Policy Statement thus is intended to be a flexible instrument, with recognition that some 
communities may nonetheless continue to experience SSOs despite implementing a corrective action program 
equivalent to the remedial design standard of the 25-year/24-hour storm, using growth conditions and normal soil 
moisture. By defining the threshold of the extreme natural event as equivalent to the remedial design standard, the 
Policy Statement, does, in fact, distinguish SSOs that can be practicably and economically eliminated from those 
that cannot. 
 
The SSO Policy Statement also states that (2nd page, last bullet): “Communities should plan and design future 
infrastructure operations and improvements with the goal of eventual elimination or treatment to the secondary 
wastewater treatment standards for all SSOs.” This sentence apparently has caused some consternation for certain 
readers of the policy. This closing goal statement, however, should not be viewed or interpreted as being in conflict 
with the other provisions of the Policy Statement. The goal statement merely articulates what must be the goal of 
any SSO corrective action program, i.e., that in striving to achieve compliance with the Michigan Natural Resources 
and Environmental Protection Act (NREPA) and the federal Clean Water Act (CWA), it is essential that sewer 
system operators have ongoing improvement as part of a long-term goal of eliminating SSOs and minimizing the 
residual risk of events adversely impacting public health and the environment. 
 
2nd and 7th Bullets  
• The communities and the Consortium are advocating programs and policies that result in 

maximum use of existing infrastructure if the environment can be protected.  This is entirely 
consistent with several state initiatives, including several that focus on urban revitalization.  
 



Some of the opportunities for implementing this policy of maximizing use of existing 
infrastructure can be made manifest in guidance the agency issues defining acceptable 
corrective actions in an enforceable order. Some include preferential treatment of sanitary 
flows and treating limited quantities of SSO's at CSO treatment facilities (if the incremental 
increased flow will not create adverse environmental impacts in the receiving water, etc.). 
 
These opportunities are not mentioned in the guidance.  It could be that is because MDEQ 
disapproves (which is the popular perception.)  Or, it could be that MDEQ intends to 
consider those items in case specific circumstances.   
 

     
  ● Regional approaches to infrastructure issues, whether water, sewer, or transportation, are 
 increasingly viewed as favorable for a variety of reasons.  That is why we suggest the policy 
 explicitly promote regional SSO remedial strategies where existing infrastructure can be 
 maximized, the environment can be protected and cost savings can be achieved.  This is 
 appropriate even if it lengthens the timeframe needed to complete the Corrective Action 
 Program. 
 
 
Where consistent with state and federal law, the MDEQ encourages maximizing the use of existing infrastructure, 
and using regional approaches, where appropriate, for corrective action programs. The MDEQ will entertain case 
specific circumstances to utilize preferential treatment concepts on an interim and permanent basis for corrective 
action programs, and has approved such concepts in the past. The MDEQ may also consider on a case by case basis, 
as part of an SSO corrective action program, the implementation of an offset program of incremental reductions in 
wet weather infiltration/inflow or other needed sewer system improvement in consideration of the issuance of 
construction permits for new sewers to accommodate growth and development.  
 
Lastly, the MDEQ looks favorably on regional approaches to SSO corrective programs where shown to be 
appropriate, cost effective and accepted by the local units of government involved. The MDEQ recognizes that the 
correction to SSOs may be complex, and there may be many approaches to their correction. The SSO Policy 
Statement takes these factors into consideration and allows for the flexibility to establish corrective programs for the 
different circumstances encountered. 
 
3rd Bullet 
●    During the discussions, there seemed to be a prevailing preference for extensive reduction in 
 wet weather inflow. Some even saw this as an acceptable end in a corrective action.  
 Providing more incentives (financial and technical) to encourage the elimination of wet 
 weather inflow sources (such as footing drains wherever feasible) would improve the policy.  
 One such incentive would be to allow communities that commit to extensive inflow 
 reduction to base any further action on the effectiveness of the program after  
 implementation. Of course, this would be subject to some demonstration that the inflow 
 reduction would be effective in reducing SSOs. 
 
In developing corrective programs for SSOs, the Policy Statement provides flexibility for establishing phasing of 
projects, milestones, timeframes and decision points. The Policy Statement does not discourage extensive wet 
weather inflow reduction programs as a means of SSO correction. As long as the proposed corrective action 
program will comply with state and federal law, the program can be tailored to allow the specific community to seek 
financial aid (SRLF funding) or technical assistance (pilot footing drain removal projects). Phasing, milestones, and 
decision points can be set up in the corrective action program to allow the community to demonstrate the 
effectiveness of the program and any further implementation requirements if needed.  
 
The City of Auburn Hills provides an example of an approved extensive wet weather inflow reduction program 
(footing drain removal project) as a means of SSO corrective action. The City of Auburn Hills chose to correct their 
SSO problem by utilizing complete footing drain removal. The program included in their administrative order 
allowed footing drain removal as a way to correct the problem, with milestones set in the order to evaluate the 
effectiveness of the program. If the footing drain removal project proved to be ineffective in removing the necessary 



excess flows, then the City committed to additional structural improvements necessary to correct the SSO problem 
and comply with state and federal law. In the case of Auburn Hills, the footing drain removal project thus far has 
been effective, and although the project has not yet been completed, the MDEQ has agreed that no further structural 
improvements will be necessary to correct the SSO problem and comply with appropriate requirements.  
 
The MDEQ has also provided considerable flexibility in its most recent administrative consent orders for SSO 
corrective action programs by allowing for reasonable milestones, timeframes and decision points for phasing in 
corrective projects, and the flexibility to explore various means of achieving compliance. Examples would be 
recently issued administrative consent orders for the City of Center Line, City of Fraser and Clinton Township. 
 
4th Bullet 
● Financial impacts and "ability to pay" are key considerations when developing Corrective 
 Action Programs and compliance schedules.  For some communities, reaching the design 
 standard in 10-20 years will be difficult to impossible.  Should the acceptability of longer 
 time frames be clearer or the remedial standard be different in some communities? 
 
By defining the extreme natural event as equivalent to the remedial design standard, the SSO Policy Statement 
distinguishes between SSOs that can be practicably and economically eliminated and those that cannot. In the 
opinion of the MDEQ, the remedial design standard comports with state and federal law and, thus, must be the same 
for all communities with correctable SSO problems. At the end of the day, the affirmative obligation of all regulated 
communities is to comply with NREPA and the CWA. 
 
The SSO Policy Statement does provide the flexibility to consider on a case by case basis the cost of the corrective 
program and the economic burden on the community and its ability to fund additional projects. As outlined in the 
policy, completion timeframes will take into consideration the ability to pay, if justified. Moreover, schedules in 
administrative consent orders are set to take advantage of the low interest State Revolving Loan Fund Program.  
 
Lastly, the SSO Policy Statement does take into account the economic burden imposed on SSO communities by 
relaxing the time frame to complete the corrective program to a period of generally 10-20 years. Historically, SSO 
corrective program schedules contained in MDEQ orders required completion in a 5-10 year period of time. 
 
5th Bullet 
● We need to consider the extent and severity of SSO impact on the receiving water when 
 developing Corrective Action Programs, priorities and compliance schedules.  A key 
 mechanism for guiding such decisions could be watershed plans.  Making that explicit in the 
 policy would help promote the attractiveness of comprehensive watershed plans and careful 
 evaluation of impacts and priorities focused on water quality and environmental benefits.  It 
 would also dovetail with the ongoing stormwater management effort which is being 
 implemented across the region. 
 
 
When considering the development of SSO corrective action programs, the SSO Policy Statement does provide the 
flexibility for consideration of the type of corrective program to be implemented, the complexity of implementing 
the corrective program, the environmental benefits of the program, and the relation the program has with other 
planned or ongoing programs. A watershed approach could be a mechanism for guiding such decisions as long as 
the proposed watershed plan acknowledges that SSOs are violations of state and federal law and cannot be 
authorized under the NPDES permit program. 
 
6th Bullet 
● MDEQ already distributed the agreed upon short-term measures.  It seems they should be 
 delineated in the policy or included as an attachment. 
 
 
A listing of the Short-Term SSO Control Measures, as outlined in the SSO Policy Statement for initial phase SSO 
corrective action program implementation, are attached to this statement of clarification (Attachment A). 
 



8th Bullet 
● The guidance indicates that enforcement discretion will be considered for parties doing 
 what is required in a corrective action program.   The language adds nothing to the guidance 
 since a regulatory agency always “considers” whether and when to exercise its enforcement 
 authority before undertaking some action. It does not provide any assurance to a party who 
 is undertaking corrective action measures (which have presumably been accepted by the 
 state as an appropriate program). MDEQ has indicated that an affirmative defense policy is 
 not acceptable, even though such a provision is being considered for inclusion in the new 
 federal regulations. Something more than “consideration” of enforcement discretion is 
 needed. 
 
The MDEQ disagrees that reference in the SSO Policy Statement to “enforcement discretion” is of little value. There 
are few instances in which MDEQ policy pronouncements explicitly assert that the agency will exercise its 
enforcement discretion in a given context or under certain conditions. Far from being a hollow gesture, inclusion of 
such language in the policy is a clear commitment to the regulated communities that the MDEQ will genuinely 
consider the exercise of enforcement discretion where a community continues to experience SSO problems but is 
acting in good faith to implement an approved corrective action program. Simply put, for the MDEQ to agree to an 
“affirmative defense” would be contrary to NREPA and the CWA. It would place our NPDES delegation from the 
USEPA at risk, and could encourage citizen suit actions to enforce federal law in those instances in which the 
“affirmative defense” applied. It is doubtful that this is not an outcome the regulated communities would find 
desirable.    
 
9th Bullet  
● Acknowledge, and to the extent possible, accept prior agency approvals of recent capital 
 improvement programs to correct system deficiencies where these may be to a lesser design 
 standard (which was previously satisfactory to MDEQ).  
 
The MDEQ accepts and acknowledges, to the extent that these systems are in compliance with NREPA and the 
CWA, recent SSO improvement programs to correct system deficiencies to a lesser design criteria than the 25 
year/24 hour remedial design standard. However, the agency will continue to consider its compliance and 
enforcement options with respect to areas that either have an existing SSO, or are contributing excess wastewater 
flows to an existing downstream SSO. 
 
10th Bullet 
● The policy proposes that the 25 year- 24 hour summer storm be established as the remedial 
 design standard for SSOs.  This is an extremely complex and controversial issue.  A recent 
 review of other state SSO programs indicates that the Michigan proposal is far more 
 restrictive than what is considered acceptable elsewhere (see attachment).  Furthermore, 
 cost estimates for SSO control programs sized to meet this standard have recently been 
 revised to reflect the additional expense likely to be needed to upgrade the internal sewer 
 transport capacity to convey these flows.  Based on this information, it is questionable 
 whether the 25 year – 24 hour storm is cost effective.  The acceptability of the proposed 
 design storm will, to some extent, be tied to the willingness to accept lesser design standards 
 for recently upgraded sewer systems (per the above bullet item).  Nevertheless, some 
 discussion of the reasonableness and appropriateness of this issue is warranted. 
 
 
The SSO policy statement defines the remedial design standard for SSO corrective action programs as equivalent to 
the 25-year/24-hour storm, using growth conditions and normal soil moisture. The remedial design standard further 
can be defined as comparable to the extreme natural event. To say MDEQ’s remedial design standard is far more 
restrictive than what is considered acceptable in other state SSO programs is inaccurate. Most other states have not 
adopted a remedial design standard for SSO corrective programs, and appear to rely on case by case determinations 
to insure compliance with their respective state laws and the CWA. Also, the data we have reviewed for states with 
design criteria for controlling SSOs doesn’t show the MDEQ’s remedial design standard to be far more restrictive 
than what is considered acceptable elsewhere. In fact, the MDEQ’s remedial design standard appears to be 
somewhere in the middle to top third bracket (Attachment B).  



 
Regardless, the remedial design standard referenced in the SSO Policy Statement is not a new design standard for 
controlling SSO problems in the State of Michigan. The standard has been applied to over 60 communities statewide 
to correct SSO problems. Notably, many of these community projects have received either Federal grant funding or 
SRLF loan funding for their projects. One criteria to receive such funding, is that the project must be cost effective 
and affordable for the local unit of government involved.  
 
During the discussions held by the SSO workgroup, one of the main topics of discussion was the remedial design 
standard for SSO control. The issue of an appropriate remedial design standard was scrutinized, analyzed, 
hydraulically modeled and studied for cost effectiveness. The conclusion from that examination was that the 25 
year/24-hour remedial design standard was at the knee of the curve cost effective breakpoint for all design criteria 
studied. The MDEQ thus believes that the 25 year/24 hour remedial design standard set forth in the SSO Policy 
Statement is appropriate, reasonable, cost effective and affordable and, based on past historical records, provides the 
measure of protection needed for public health and the environment. 
 
However, the MDEQ will consider alternative remedial design standards on a case by case basis, if a community can 
demonstrate that a remedial design standard equivalent to a storm less than the 25-year/24-hour storm would result 
in the same or lower frequency of SSO discharge as that assumed by the MDEQ in this policy (i.e., less than one 
SSO discharge per ten years on average) by general application of the 25-year/24-hour storm as the remedial design 
standard.                      
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
        Attachment A 
    Short-Term SSO Control Measures 
 
1. Document current sewer system conditions including the size, age, and condition of sanitary 

sewers, and the carrying capacity of existing sewers that are likely to contribute to the creation of 
sewer surcharges or SSO conditions; determine the estimated frequency, volume, location, and 
receiving water of SSO discharges; perform staff training in monitoring and reporting of untreated or 
partially treated sewage discharges onto land or into the waters of the state to assure that required 
notifications and reports are submitted accurately and timely; develop a data system for reporting of 
sewage backup into basements; determine the impact of any requests for new sewage loading to 
sewers in areas subject to basement backups, SSOs, or treatment facility bypassing; identify areas 
that may have inadequate storm sewer systems that may contribute to the problems within the 
sanitary sewer system. 

 
2. Quantify existing flows (average and peak for dry and wet weather conditions) through a flow 

monitoring program; determine infiltration and inflow (I/I) contributions for logical sub sections of the 
sewer system; collect rainfall measurements with recording rain gauges for further flow monitoring 
data analysis; collect groundwater table level measurements for flow monitoring analysis. 

 
3. Determine the "excessive" component of I/I based on a comparison of the estimated cost required 

to remove the flow versus the cost to transport and adequately treat wet weather flows. This 
assessment may need to be carried out on a phased basis, with elimination of readily removable I/I 
sources being completed before attempting a more rigorous cost comparison addressing more 
difficult sources. 

 
4. Estimate or measure the contribution from footing drains (if footing drains are connected to the 

system or if footing drain flow is discharged to the sewerage system by sump pumps) and 
determine what potential methods are available to remove/reduce this flow component; undertake 
pilot projects to assess the feasibility of voluntary or mandatory footing drain removal; provide 
public education of the economic and capacity benefits of footing drain removal. 

 
5. Prepare and implement a detailed operation and maintenance plan to consolidate, prevent or 

minimize SSOs to the maximum extent possible; perform staff training, or training updates, on 
issues of wet weather flow exclusion from sanitary sewers and SSO prevention. 

 
6. Provide power reliability equipment for pump stations using emergency generators, portable 

pumps, or dual power supplies; provide modifications to pumping stations for generator hookup or 
force main pump around flanges. 

 
7. Evaluate and institute sewer use ordinances to assure that clear water from new footing drains, roof 

downspouts, or other inflow sources are not authorized to be connected to sanitary sewers. Train 
building inspectors, meter readers, water and wastewater utility staff on ordinance compliance; 
conduct sewer system assessments to determine compliance with footing drain, downspout and 
yard drain prohibitions; compile and analyze data to identify priority areas for ordinance compliance 
initiatives.  

 
8. Conduct physical surveys and smoke/dye testing in suspect areas to ensure that inflow sources are 

not connected. 
 
9. Develop and design the project(s) needed to remove excess I/I (including footing drain flows, if 

feasible) based on a schedule that includes completion of a Sanitary Sewer Evaluation Survey to 
specifically identify the sources of excess I/I, followed by construction of needed short-term sewer 
rehabilitation projects; coordinate implementation of storm sewer system improvements in areas 
with poor drainage. 



 
10. Identify, obtain permits where necessary, and implement beneficial short-term SSO and basement 

backup control measures.  
 
11. Identify measures and schedules necessary to assure timely funding availability for necessary 

short- and long-term projects. 
 
12.  Evaluate additional long-term SSO control measures that may be necessary including the removal 

of excess I/I, provision of storage facilities and/or transport to treatment facilities and expansion of 
treatment facilities. 

 
13. Conduct public education outreach programs throughout the investigation and program 

development period to assure public understanding of the issues involved and support for the 
needed improvement actions being taken. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
             Attachment B  
  PROJECTED PERFORMANCE OBJECTIVES OF SANITARY SEWER  
      REHABILITATION PROJECTS 
 

 
 Community Population Ave. Annual 

Wet Weather 
Overflows 

Annual 
Frequency of 
Return Storm 

Return Storm 
Period 
(years) 

Return Storm 
Duration 
(hours) 

Rainfall 
Depth 

(inches) 

Rainfall 
Intensity 
(in/hr) 

1 Baytown, Texas 70,000  0.025@ >100    
2 Bentonville, Arkansas 17,000  0.025@ >100    
3 Cincinnati, OH 22,724  0.025@ 100    
4 Commerce, Texas 10,000  0.025@ >100    
5 Eureka Springs, Arkansas 1,890  0.025@ >100    
6 Friendswood, Texas 31,000  0.025@ >100    
7 Hamilton, Ohio 65,000  0.025@ >100    
8 Honolulu, HI 687,475  0.025@ 100    
9 Jackson, Tennessee 50,000  0.025@ >100    

10 Little Rock, Arkansas 185,000  0.025@ >100    
11 Ponca City, Oklahoma 25,000  0.025@ >100    
12 Wayne County, MI 167,939 0.2 0.025@ 100  
13 Buena Vista, Michigan 11,000 2 0.04 25 24 3.8 0.16 
14 Enid, Oklahoma 47,000 2 0.04 25 24 6.5 0.27 
15 Frankenmuth, Michigan 4,400  0.04 25 24 4 0.17 
16 Lancaster, Texas 22,400  0.04 25 24 6 0.25 
17 Lansing, Michigan 155,000  0.04 25    
18 Marlette, Michigan 1,900  0.04 25 24   
19 Midland, Michigan 42,000 3 0.04 25 24   
20 Pine Bluff, Arkansas 63,000  0.04 25 24 7 0.29 
21 King County, Washington 1,100,000  0.05 20    
22 Covington, Louisiana 10,000 <1 0.1 10 24 8 0.33 
23 Fairfield, Ohio 43,000 <1 0.1 10 24   
24 Johnson County, Kansas 340,000  0.1 10    
25 Kerrville, Texas 18,000 <1 0.1 10 24 6 0.25 
26 Monmouth, Oregon 7,700  0.1 10*    
27 The Dalles, Oregon 14,000  0.1 10*    
28 Waldport, Oregon 1,750  0.1 10*    
29 Addison, IL 17,138  0.2 5    
30 Belvidere, IL 15,193  0.2 5    
31 Benton, Arkansas 17,000  0.2 5    
32 Crowley, Louisiana 16,000 1 0.2 5    
33 Fayetteville, Arkansas 58,000  0.2 5    
34 Haltom, Texas 35,000  0.2 5 1 2.6 2.60 
35 Henryetta, Oklahoma 1,100  0.2 5 24 5 0.21 
36 Indian Creek, KS 72,000  0.2 5    
37 Mission Township, KS 45,309  0.2 5    
38 Nashville Tennessee 400,000  0.2 5 24 4.5 0.19 
39 Saint Charles, IL 16,935  0.2 5    
40 Tulsa, Oklahoma 360,000  0.2 5 1   
41 Turkey Creek, KS 50,404  0.2 5    
42 Elmhurst, IL 42,029  0.33 3    
43 Galveston, Texas 59,000  0.5 2 4 3.5 0.88 
44 Greenville, Texas 25,000 1 0.5 2 0.5 1.3 2.60 
45 Houston, Texas 1,700,000  0.5 2    
46 New London, CT 40,000  0.5 2    
47 Norman, Oklahoma 80,000 3 0.5 2 24 3.5 0.15 
48 South Houston, Texas 15,000  0.5 2 24 6 0.25 
49 Witchita Falls, Texas 103,000  0.5 2 24 4 0.17 
50 Bellingham, Washington 60,000  1 1    
51 Charlotte, NC 338,854  1 1 

 
 

   



 
 
 
 

 
 
 
 

Community Population Ave. Annual 
Wet Weather 

Overflows 

Annual 
Frequency of 
Return Storm 

Return Storm 
Period 
(years) 

Return Storm 
Duration 
(hours) 

Rainfall 
Depth 

(inches) 

Rainfall 
Intensity 
(av. in/hr)

 
52 Edmond, Oklahoma 67,000  1 1 24 3 0.13 
53 Fort Scott, Kansas 8,500  1 1 24 3 0.13 
54 Fort Smith, Arkansas 86,000  1 1 24 3.5 0.15 
55 Greenville, SC 125,884  1 1    
56 Idabel, Oklahoma 10,000  1 1 1 1.5 1.50 
57 Jewett City, CT 3,500  1 1    
58 Lexington, Kentucky 240,000  1 1    
59 Vinita, Oklahoma 4,800  1 1 1 1.5 1.50 
60 Hot Springs, Arkansas 35,000  1.25 0.8 1 1 1.00 
 
                                                                                                                      

   
   
   

 
 
 
 
 
 
  
    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 3B 

June 2017 Flooding Map 
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A
Aaron Ct: D-4
Abbott Rd: G-9
Abigail Ln: D-4
Adams Dr: D-7
Adelaide St: G-6
Aircraft Ct: F-8
Airfield Ln: G-8
Airport Rd: C-2
Albee Ln: H-4
Allen St, East: G-6
Allen St, West: G-6
Allen Ott: C-7
Alpine Way, (pvt.): C-4
Alta Ct: G-9
Alyse Ln (pvt.): D-5
Amberwood Ct: D-3
Andre St: E-8
Ann St: H-6
Apollo Dr (pvt.): H-10
Applewood Rd: F-5
Arbor Dr: E-5
Arbury Pl: G-7
Arbutus Ct, North: A-8
Ardmore St: D-9
Arlington St: E-9
Arrow Cv: I-9
Arrowhead Dr. C-7
Artcrest Dr: E-3
Arthur Ct: F-8
Ash St: H-12
Ashby Rd: J-3
Ashly Ct: D-6
Ashman Cir: F-7
Ashman St: F-7
Ashman St, East: F-8
Ashwood Pass: A-5
Aspen Way: F-2
Aster Ct (pvt.): C-4
Atwell St: H-5
Auburn St: G-6
Austin St: H-7
Autumn Ridge Cir: E-9
Avalon St: D-8
Avon St: G-3

B
Badour Rd, South: H-3
Bailey Bridge Rd: L-10
Baker St, East: G-7
Baker St, West: G-6
Baldwin St: F-8
Balfour St: F-6
Bark Ln (pvt.): H-4
Barstow Dr: C-5
Barth St: H-7
Barto St: E-5
Bauss Ct: F-9
Bay City Rd: H-11
Bay Ct: H-9
Bayberry Ln: D-6
Bayliss St: G-7
Beaver Rd,  West: B-12
Beech St: I-10
Belaire St: F-9
Belmont St: E-5
Benson St: H-6
Bent Oak Dr, North, (pvt.): F-
4
Bent Tree Cir: J-1
Berkshire Ct: E-6
Berry Ct: D-3
Bethann Ct: H-2
Betsey Dr: G-9
Birch Dr: G-12
Birchfield Dr: F-9
Birchwood Dr: E-9
Bitler St (pvt.): D-6
Blairmont Dr: F-9
Blakely St (pvt.): E-9
Blarney Dr: D-4
Bloomfield Ct: D-9
Bloomfield Dr: D-9
Blossom Cir: E-9
Blue Spruce Ln (pvt.): H-2
Blueberry Ln, East: B-3
Bluebird Dr: E-3
Bobcat Ct: B-4
Bond Ct: E-6
Bookness St: G-6
Boston St: F-7
Boulder Creek Dr (pvt.): C-4
Brabaw Ln (pvt.): H-1
Bracken Woods Dr (pvt.): D-
3
Bradfield St: G-3
Bradley Ct: G-7
Braley Ct: F-7
Brambleridge Ln: D-3
Brentwood Dr: D-6
Brian Ln: D-11
Briar Ct (pvt.): C-8
Briarwood Ct: D-3
Bristlecone Dr (pvt.): C-3
Bristol Ct: E-6
Broadhead Dr: C-7
Brookfield Dr: D-9
Brookwood Dr: D-5
Brown Ct: G-6
Buchanan Dr: E-7
Bullock Creek Dr, East: K-6
Burch St: G-5
Burgess St: H-9
Burlington Dr: E-9
Burning Bush Ln: D-7
Burrell Ct: E-6
Bus Rd: H-11
Bus Rd, South: K-10
Butterfield Dr: E-9
Butternut Pl: D-3
Buttles St: G-6
Buttles St, East: G-6
Buttles St, West: G-6
Byrd St: F-8
C

Camberley Ln: D-5
Cambridge St: F-7
Camelot Ct: D-7
Campau Dr: E-5
Campbell Ct, East: F-8
Campbell Ct, West: F-8
Campus Ridge Dr (pvt.): E-5
Candace Dr (pvt.): E-3
Candlestick Ln: D-9
Canterbury Dr: F-10
Capitol Dr: E-7
Cardinal Dr: A-4
Carle Dr (pvt.): E-3
Carol Ct: F-9
Carolina St: G-8
Carpenter St, East: G-7
Carpenter St, West: G-6
Caruso Ct, East: I-4
Castle Dr: E-7
Cedar St: G-3
Celena Dr, North: B-7
Centennial Dr: I-10
Chapel Lane Circle: D-7
Chapel Lane, East: D-8
Chapel Lane, West: D-8
Chapel Ln, West: D-7
Charles St: H-9
Chatham Dr: E-8
Chelsea Ct: E-6
Cherry Blossom: B-4
Cherryview Dr (pvt.): G-7
Cherrywood Dr: I-4
Cheryl Dr: H-2
Cheryl-Lynne Ln: D-11
Chesterfield Ct: D-7
Chestnut Hill Dr: F-9
Chicory Ct: D-3
Chip Rd, West: D-12
Chippewa Ln: H-3
Chippewa Ln, East: H-3
Chippewa River Rd, East: H-
1
Chippewassee Trl: G-3
Christie Ct: E-5
Church Point Dr (pvt.): G-9
Cinema Dr (pvt.): C-6
City Forest Estates Dr: B-4
Claremont St: D-8
Clarence Ct: J-5
Clark Rd: G-1
Clark Rd, East: G-1
Clay St: G-11
Clayhill Ct (pvt.): C-8
Cleveland Ave: G-7
Clover Ln: E-6
Cobb St: I-10
Collingwood Ct: F-10
Collins St, East: G-7
Collins St, West: G-6
Colony Dr: E-9
Colorado St: H-8
Columbia Rd: E-7
Columbine St (pvt.): C-4
Commerce Dr: B-6
Commercial Blvd: A-6
Concord St: E-8
Cones Ct: H-3
Congress Dr: E-9
Contractor Dr: I-10
Cook Rd: F-4
Coolidge Dr: E-8
Copper Ridge Ct: D-3
Corning Ln: I-9
Corrinne St: F-8
Cortland St: E-9
Costley Dr: F-1
Cottonwood St: H-10
Country Creek Dr: J-3
Country Walk Cir: D-7
Countryside Dr: F-2
Courtside: D-8
Coventry Ct: F-7
Cranbrook Dr: D-9
Crane Ct: F-6
Crescent Dr: E-6
Crestwood Ct: D-6
Crissey St: H-6
Cronkright St: H-6

Crosby Ct (pvt.): J-6
Cruz Dr: E-8
Cub St: E-6
Cunningham Dr: B-2
Currie Pkwy: G-5
Cypress St: H-10
D

Dahlia St (pvt.): C-4
Dale Ct: D-9
Damman Dr: G-7
Dan Ct: F-8
Danburry Place (pvt.): E-3
Darby St: F-10
Dartmoor Pl: F-7
Dartmouth Dr: F-8
Dauer St: F-9
David Rd: L-6
Dawn Dr: F-9
Dearing Rd: J-5
Deer Valley Rd: A-9
Deerfield Ct: D-6
Deerwood Cir (pvt.): D-9
Delft Dr (pvt.): I-10
Dennis Ct: E-7
Denver St (pvt.): D-6
Devonshire St: F-7
Diamond Dr: D-9
Dick St: H-9
Dilloway Dr: D-6
Dina St: F-9
Discovery Way: H-8
Dogwood Pl (pvt.): I-10
Dover Ct: D-7
Dow Ct (pvt.): H-10
Drake St: E-5
Dublin Ave: C-3
Dublin Rd, North: B-3
Dutch Dr (pvt.): I-10
Dyckman Rd: E-6
Dyke Dr (pvt.): I-10
E
Eagle Pass Dr, East: J-1
East Point Dr (pvt.): G-9
Eastlawn Dr: G-9
Eastman Ave: C-6
Eastman Rd, North: B-6
Edgewood St: G-10
Ednor Ct: H-2
Edsel Rd: G-12
Edwin St: F-7
El Rancho Dr, East: B-7
Elgin St: G-6
Elisenal Dr: C-6
Elizabeth St: G-6
Elliott Dr (pvt.): D-7
Ellsworth: G-6
Ellsworth St: H-6
Ellsworth St, West: G-6
Elm Ct: E-7
Elmer Rd: G-1
Emerson Ct: D-5
Emerson Park Rd: G-5
Erie Ct: G-7
Evamar Dr: D-6
Evart St: D-8
Evergreen St: D-8
F
Fairground Entrance Rd: C-5
Fairlane St: F-9
Fairview Dr: L-1
Fairway Pl: D-7
Fantasy Ln, North: B-2
Farnsworth Dr: E-9
Fast Ice Dr: I-11
Fawnwood Cir: J-1
Federal St: F-7
Felecia Dr, East: B-7
Fernside St: F-9
Fieldcrest: L-10
Fieldstone Ct (pvt.): C-8
Fifth St: H-7
Fisher Rd, West: I-12
Fitzhugh St: G-6
Flajole Rd: H-12
Flaxmoor St: D-4
Ford Ct, South: L-2
Forest Glen Way: H-10
Forest St: G-4
Forestridge Way (pvt.): D-2
Forestview Dr: E-9
Forestwood Ct: E-9
Foster Rd: E-9
Fournie St: H-7
Fourth St: H-7
Foxboro Ct: D-7
Foxcroft Dr: E-9
Foxpoint Cir: E-8
Foxwood Ct: D-8
Francis Rd: I-12
Frank Rd (pvt.): D-2
Franklin St: H-7
Frantz Dr (pvt.): G-1
Frederick: K-6
Freedom Ct (pvt.): H-10
Freeman Dr: J-6
Friar Ln: D-8
Fuller Dr: F-10
G

Gabriel Ln: D-5
Galaxy Dr (pvt.): H-10
Gardenbrook Dr: D-9
Garland St: F-9
Gary St: G-9
Gay Ln: H-1
Gemini Ct (pvt.): H-10
George St: H-6
Georgetown Dr: E-9
Gerald Ct: H-10
Gettysburg St: G-10
Gibson St: E-5
Ginter Rd: J-4
Gladding Ct: E-6
Gleaner Rd, North: L-12
Glen Rd: G-1
Glencoe St: E-5
Glendale St: G-8
Glenwood Ct: I-4
Goldenwood Dr: D-3
Golfside Dr: G-5
Gordon St: G-6
Gordonville Rd, East: L-5
Graham St: E-7
Grandview Cir (pvt.): E-6
Grant Ln: G-10
Green Rd: F-2
Greenbrier Ter: F-9
Greenfield Ct: F-8
Greenridge Dr (pvt.): D-3
Greenway Dr: F-9
Greenwich Cir: G-10
Grey Rd, South: J-4
Grey Ridge Trl (pvt.): G-9
Greystone Pl: B-7
Grouse Ct: D-3
Grove Bluff: J-1
Grove St, East: G-6
Grove St, West: H-7
H
Haker St: F-9
Haley St, East: G-8
Haley St: H-7
Hallisy Ct: E-3
Hamilton Dr: G-11
Hampden Ct: E-7
Hampshire St: E-7
Hancock Dr: G-11
Hannah Ct: F-7
Hanover St: F-10
Harcrest Dr: D-6
Harding St: E-8
Harlow Dr (pvt.): E-5
Harold St: G-7
Harper Ln: E-7
Harrison St: G-7
Harry Ln, East: B-1
Hart Ln: J-5
Hartford Ct: F-7
Harwood Dr: D-6
Haskin Dr: E-4
Hawthorne Hollow (pvt.): H-10
Hearthstone Cir: G-10
Heather: B-4
Heathermoor Dr: D-7
Hedgewood Dr: E-3
Helen St: G-6
Hemlock St: H-10
Henry St: H-10
Herbert Rd (pvt.): D-1
Heritage Ct, North: D-2
Heritage Ct, South: D-2
Hicks Rd, North: C-2
Hidden Pines Ct (pvt.): E-6
Hidden Stone Ct: F-7
Hiddenridge Rd, South: J-1
Highbrook Dr: F-9
Highland Dr: D-4
Highridge Ct: E-5
Hignite Rd (pvt.): G-3
Hill Ct: F-6
Hillcrest Rd: F-7
Hillgrove Pkwy: F-8
Hines Rd, West: G-6
Hines St, East: G-6
Holland Dr (pvt.): I-10
Holly Ct (pvt.): C-4
Hollyberry Dr: D-9
Hollybrook Dr: D-7
Holyrood St: F-6
Honeysuckle Cir: D-8
Hotchkiss Rd: L-11
Hotchkiss Rd, West: L-12
Hubbard St: G-6
Hubert Rd (pvt.): I-2
Hummingbird Pass: A-5
Hunters Ridge: D-7
Huntington Dr: E-3
Huntley Ln (pvt.): H-2

Huron Dr: E-7
Hutchison Ln (pvt.): H-4

I
Illinois Dr: H-10
Imrich, East: A-7
Indian Ridge Dr: D-6
Indian St, East: G-6
Indian St, West: G-6
Inglewood Dr: I-11
Inverness Cir: D-8
Iowa St: G-8
Irelan Ln: J-5
Iroquois Ct: G-6
Isabella St: H-1
Ivy Ln: F-9

J
James Dr: E-8
James Savage Rd: H-10
Jamestown Dr: E-9
Jay St: G-11
Jefferson Ave: E-7
Jefferson Rd, North: A-7
Jeffrey Ln: D-5
Jenkins Dr: F-9
Jerome St: G-6
Joanne St: E-5
Joe Mann Blvd: C-6
Johns Ln, East: A-8
Johnson Ln, South: J-2
Jones Ct: F-8
Jordan'S Way, East: J-4
Joseph Dr: C-7
Joshua Ln (pvt.): D-7
Joy Rd: I-12
Judith Ct: F-9
Juile Ann: C-7
Jupiter Ct (pvt.): H-10
K

Karla Ct: G-12
Kelly Ln: D-11
Kenny Ct: G-3
Kent Ct: I-9
Kentucky St: G-8
Kentwood Dr: F-8
Kiesel Rd: G-12
Kilmer Dr: F-10
Kilt Ct: D-4
Kim Dr: F-8
Kindy Dr: L-1
Kingsbury Ct: D-6
Kingston Ct: E-8
Kirk Point Dr (pvt.): G-9
Kirkland Dr: D-6
Kirkwood Cir: J-1
Kitty Hawk Cir (pvt.): G-9
Knollwood Ct: D-6
Koerner Ct: F-8
Kuipers Dr (pvt.): H-10
L
Ladner Prkw: J-4
Lakeside Cir (pvt.): E-7
Lalkwood Dr: D-5
Lambert Rd: F-1
Lambros Dr: F-10
Lamoe Dr: G-12
Lamplighter Ln: D-9
Lancaster St: F-8
Lancer Ln, East: J-2
Lantern Ln: D-9
Larkin Center Dr: C-8
Larkin St, East: G-6
Laughton Dr: H-2
Laurel Ln: E-9
Lauria Rd: C-12
Lawndale Dr: F-10
Lawrence Dr (pvt.): D-6
Leaf: D-5
Lee St: G-11
Leealan Dr: H-1
Leeway Dr: D-4
Lemke St: H-10
Leonard Ln: F-7
Lessa St: E-5
Letts Rd, East: B-10
Letts St: B-8
Lexington Ct: E-8
Liberty Dr: E-9
Lilac St (pvt.): C-4
Lincoln St: H-7
Lincoln Woods Dr: G-10
Linden Dr: E-6
Lindy St: F-8
Lingle Ln: F-7
Linwood Dr: E-7
Livingston Ct, East: F-8
Livingston Ct, West: F-8
Log Cabin Ln, South: J-2
Lois Ave: K-6
Londonberrie Ct: D-5
Lonestar Ln, East: L-3
Longfellow Ln: D-5
Longview St: I-9
Loons Dr: H-7
Loretta Ln (pvt.): D-5
Louanna St: G-7
Love St: F-8
Lowell Ct: F-7
Lucky Ct: G-9
Luhring St: E-5
Lulu Ln: C-3
Lund Dr: E-9
Lydia St: L-6
Lyon Rd, East: H-8
Lyon Rd: H-7
M

Mac St: E-6
Madison St: G-5
Magnolia Ct (pvt.): C-4
Main St, East: H-6
Main St: G-5
Main St, West: F-4
Mammoth Pines: B-4
Manor Dr: F-7
Maple St: D-5
Mapleton Dr (pvt.): L-10
Maplewood Dr: J-4
Mark Putnam Rd: I-9
Mark Twain Dr: F-10
Marriet Ct: D-6
Marvo Ct: E-4
Mary Jane Dr, East: A-7
Mary St: G-5
Maryland St: G-8
Mason St: D-9
Mattes Dr: E-8
Mayfield Ln: D-7
Maywood Ct (pvt.): C-4
Mc Kinley St: D-8
Mccandless Dr (pvt.): E-5
Mcdonald St: H-6
Mcgill St: F-10
Mcgregor St: G-6
Mckeith Ct: F-9
Meadow Ln: D-7
Meadowbrook Dr, East: E-7
Meadowbrook Dr, West: E-7
Meadowlark Ln, East: J-1
Melody Ln: E-9
Mercantile Dr, East: A-6
Mercury Ct (pvt.): H-10
Merlin Ct: D-7
Mertz St: F-7
Meyers St: E-6
Michigan St: G-8
Mid Michigan Dr (pvt.): E-5
Midfield Ln: C-8
Midland Rd: H-12
Midland-Bay Co. Line Rd,
North: C-11
Milford St: F-9
Mill St: H-7
Millbrook Dr: D-3
Miller Rd, East: J-1
Miller St: J-6
Milner Rd, East: K-10
Miner Dr: F-12
Miramist Cir: C-7
Mockingbird Ln: A-4
Monroe Rd, East: A-1
Monroe St: A-5
Montague St: D-8
Monteray Dr (pvt.): I-11
Montrose St: G-6
Moorland Dr: D-3
Morel Ct, East: B-8
Morning Dawn (pvt.): G-9
Morning Way: E-7
Morningside Dr (pvt.): E-7
Mt Vernon Ct: F-9
Myrtle St: D-5
N
Nakoma Dr: E-7
Natalie St: E-5
Nathan Ct (pvt.): D-7
Nature Ln: J-3
Nelson St, East: G-7
Nelson St: F-6
Nickels St, East: G-7
Nickels St, West: F-7
Noeske St: F-6
Nold: J-5
Norfolk St: E-7
North Parkway: E-6
North St: G-7
North Union Rd, West: H-12
Northgate Dr: D-7
Northwood Dr: E-3
Norway Dr: L-5
Norwich St: E-8
Norwood Dr: D-5
Nottingham Ter: F-9
Novak St: F-9
Nuclear Ct (pvt.): H-10
Nurmi Dr: D-4

O
Oak Ct: E-7
Oak Hollow Ct: D-3
Oak Meadows Ct: D-3
Oakbrook Dr: C-7
Oakfield Dr (pvt.): D-5
Oakmont Grove (pvt.): H-10
Oakridge Dr: D-3
Oakwood Terr: L-1
Ohio St: G-8
Old Pine Tr: A-8
Onna Ln: D-5
Orchard Dr: F-5
Orlo Rd, North: H-1
Osborne Dr: J-4
Ottawa St: E-7

P
Paine Dr: G-11
Palm Ct: E-7
Paradise Ln, East: L-9
Park Dr, East: G-6
Park Dr, West: G-5
Park Drive: G-5
Parkwood Dr: E-9
Parsons Ct: I-9
Partridge Ln: D-3
Patrick Rd, East: H-10
Patrick Rd: H-7
Patterson Rd, North: I-4
Patterson Rd, South: K-4
Paul Ct: F-7
Peach Blossom: B-4
Peachtree Cir: D-7
Pebblestone Dr (pvt.): D-5
Penrod Rd (pvt.): G-3
Pepperidge Ct: D-6
Peppermill Cir: E-8
Perrine  Point (pvt.): E-4
Perrine Rd, North: B-4
Perrine Rd: C-4
Pershing St: H-7
Pfeiffer Ct: E-4
Pheasant Ridge Dr: E-6
Phillips Ct: F-1
Pine Ct: H-6
Pine Grove Dr (pvt.): F-4
Pine Hollow Dr, East: B-8
Pine Meadow Dr: D-3
Pine River Rd, East: I-1
Pine River Rd: H-4
Pine St, West: G-6
Pinehurst Ct: G-4
Pineway Dr: F-12
Pinewood Dr: D-3
Plainfield St: E-9
Plumer St: H-9
Plumtree Ln: F-3
Plymouth Park Dr: E-8
Plymouth St: E-9
Polom Ct: H-12
Pomranky Rd: G-4
Pondview Dr: D-3
Poseyville Rd: H-6
Poseyville Rd, South: K-6
Post St: G-5
Powder Horn Trl: D-2
Prairie Rd, East: I-1
Prairie: G-1
Princeton Ct: G-7
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Appendix 5A 

Sanitary Sewer System Map 
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Appendix 5B 

Sanitary Sewer Model Subdistrict Map 
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Appendix 5C 

Sanitary Sewer Subdistrict Metrics 



Commercial Industrial Residential

Alpine Alpine 36 1 0 4.0 3231 50.3 0% 0% 100% 3

BCR-6-G9 Bay City Road 155 37 5 1945 3.2 4796 62.9 35% 19% 47% 2

CHP-7-G3 Chippewa 11 15 2 1945 4.0 146 1.7 20% 0% 80% 4

CLS-21-F9 Clay Street 67 246 202 1971 1.9 3221 40.7 0% 0% 100% 4

DBL-11-E3 Countryside 70 30 8 1984 4.0 165 2.5 0% 0% 100% 3

CUR-18-F4 Currie 21 24 12 1956 2.3 128 1.4 0% 0% 100% 4

CUR-32-G4 Currie 292 100 40 1947 3.5 616 7.1 0% 0% 100% 4

DBL-40-E3 Dublin 104 141 10 2003 4.0 2298 31.8 0% 0% 100% 3

ESA-100-E8 East Ashman 40 76 43 1984 2.3 2654 34.6 0% 0% 100% 1

ESA-106-E8 East Ashman 11 20 10 1987 2.9 544 6.4 0% 0% 100% 1

ESA-107-E8 East Ashman 3 6 6 1981 4.0 206 3.2 0% 0% 100% 1

ESA-12-F9 East Ashman 112 15 5 1962 2.2 1645 25.3 24% 16% 60% 1

ESA-133-E8 East Ashman 32 28 23 1969 3.5 641 10.9 0% 0% 100% 1

ESA-36-E9 East Ashman 51 99 49 1984 3.8 1731 24.2 0% 0% 100% 1

ESA-74-E8 East Ashman 54 104 102 1973 1.4 2592 33.4 0% 0% 100% 1

ESA-76-E8 East Ashman 11 32 31 1980 3.5 615 7.3 0% 0% 100% 1

ESA-84-E8 East Ashman 14 44 37 1977 3.8 543 7.5 0% 0% 100% 1

ESA-89-E8 East Ashman 38 96 88 1974 2.1 1671 24.1 0% 0% 100% 1

EST-1-E5 Eastman Avenue 18 9 9 1967 3.9 121 1.2 0% 0% 100% 3

EST-24-E5 Eastman Avenue 63 13 7 1958 3.1 259 4.4 0% 0% 100% 3

EST-42-E5 Eastman Avenue 40 36 29 1973 2.1 939 12.9 0% 0% 100% 3

EST-43-E5 Eastman Avenue 23 23 21 1972 2.1 534 7.6 0% 0% 100% 3

EST-78-E5 Eastman Avenue 68 18 13 1970 3.9 505 6.2 0% 0% 100% 4

ELZ-101-F6 Elizabeth 20 91 60 1943 2.0 1073 16.7 0% 0% 100% 4

ELZ-112-F6 Elizabeth 6 32 8 1936 1.9 282 4.4 2% 0% 98% 4

ELZ-113-F6 Elizabeth 18 88 43 1941 2.0 893 12.1 7% 0% 93% 4

ELZ-123-E6 Elizabeth 26 40 32 1960 2.0 689 9.7 0% 0% 100% 4

ELZ-131-F6 Elizabeth 25 36 35 1954 2.0 440 5.8 0% 0% 100% 4

ELZ-141-E6 Elizabeth 147 55 43 1945 2.3 1393 23.6 0% 0% 100% 4

ELZ-16-E6 Elizabeth 7 22 21 1955 2.0 276 4.3 0% 0% 100% 4

ELZ-20-E6 Elizabeth 13 15 5 1947 2.0 264 4.4 33% 0% 67% 4

ELZ-23-E6 Elizabeth 17 22 20 1953 2.3 456 5.6 0% 0% 100% 4

ELZ-4-E6 Elizabeth 18 51 47 1952 2.0 616 8.2 0% 0% 100% 4

ELZ-54-E6 Elizabeth 13 27 25 1956 2.0 328 4.3 0% 0% 100% 4

ELZ-56-E6 Elizabeth 47 66 50 1948 2.0 649 8.3 5% 0% 95% 4

ELZ-68-E6 Elizabeth 54 149 93 1944 2.0 1551 21.4 1% 0% 99% 4

ELZ-87-F6 Elizabeth 25 116 25 1938 1.8 1319 17.1 2% 0% 98% 4

EMR-19-F5 Emerson 13 11 5 1984 1.3 474 6.4 0% 0% 100% 4

EMR-26-E5 Emerson 28 23 20 1960 2.7 553 7.9 0% 0% 100% 4

EMR-27-E5 Emerson 45 12 9 1963 3.6 271 3.9 0% 0% 100% 4

EMR-29-E5 Emerson 15 17 16 1960 1.4 448 6.6 0% 0% 100% 4

EMR-45-E5 Emerson 16 15 0 1948 2.0 206 3.2 0% 0% 100% 4

EMR-53-F5 Emerson 71 12 1 1923 1.7 271 4.6 94% 0% 6% 2

EMR-5-E5 Emerson 34 11 9 1965 3.3 316 2.2 0% 0% 100% 4

EMR-8-E5 Emerson 54 2 0 1995 3.7 122 1.0 0% 0% 100% 4

FRG-12-C5 Fairgrounds 69 40 0 4.0 24 0.5 63% 0% 37% 2

FRG-1-C5 Fairgrounds 75 2 0 4.0 49 0.7 100% 0% 0% 2

JFA-18-D7 Jefferson Acres 41 61 0 1992 1.0 2010 25.7 0% 0% 100% 3

JFA-22-D7 Jefferson Acres 21 52 0 1993 1.0 867 10.5 0% 0% 100% 3

JFA-2-D7 Jefferson Acres 11 15 10 1955 2.0 648 10.0 65% 0% 35% 2

JFA-30-D7 Jefferson Acres 13 26 13 1976 1.6 250 3.2 0% 0% 100% 3

JFA-36-E7 Jefferson Acres 25 21 11 1964 1.5 944 14.5 69% 0% 31% 2

JFA-46-D7 Jefferson Acres 3 6 6 1957 2.0 48 0.6 0% 0% 100% 3

JFA-60-D7 Jefferson Acres 24 56 56 1962 2.0 714 9.9 0% 0% 100% 5

KTS-141-G8 Kent Street 126 74 25 1946 1.4 1303 16.6 69% 0% 31% 2

KTS-15-G8 Kent Street 12 38 34 1953 1.0 296 4.0 7% 23% 70% 4

KTS-162-G8 Kent Street 29 13 2 1965 2.0 81 1.7 0% 69% 31% 2

KTS-170-G9 Kent Street 178 230 130 1955 2.1 6217 74.4 5% 9% 86% 4

KTS-177-G8 Kent Street 21 18 1 1944 2.0 287 3.4 18% 70% 13% 2

KTS-206-F8 Kent Street 23 47 1 2000 1.0 709 11.6 0% 0% 100% 4

KTS-218-G8 Kent Street 116 52 4 1957 1.9 861 7.7 75% 11% 14% 2

KTS-23-G8 Kent Street 35 53 23 1962 1.6 578 6.9 0% 2% 98% 4

KTS-50-G8 Kent Street 66 15 0 1.2 653 12.9 0% 100% 0% 2

KTS-90-G9 Kent Street 200 29 1 1953 1.3 1263 15.9 0% 91% 9% 2

KTS-91-F8 Kent Street 174 84 41 1963 1.2 1589 17.2 70% 15% 15% 2

LND-1-E9 Landfill 285 15 0 1930 2.2 60 0.6 0% 90% 10% 1

MAL-18-C5 Mall 70 10 0 3.4 976 11.9 100% 0% 0% 2

MAL-27-C6 Mall 66 11 0 1.8 3239 43.5 100% 0% 0% 2
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MAL-31-C6 Mall 62 8 0 2.4 2289 28.0 100% 0% 0% 2

MAL-7-C5 Mall 76 19 3 1952 3.5 2801 42.3 99% 0% 1% 2

MRL-109-D4 Moorland 11 23 23 1978 4.0 377 4.5 0% 0% 100% 7

MRL-114-D3 Moorland 42 75 0 2003 4.0 811 11.0 0% 0% 100% 7

MRL-16-D4 Moorland 19 40 16 1989 4.0 813 10.3 0% 0% 100% 7

MRL-23-D4 Moorland 17 34 23 1982 4.0 614 8.4 0% 0% 100% 6

MRL-29-D4 Moorland 13 23 18 1984 4.0 471 5.3 0% 0% 100% 7

MRL-33-D4 Moorland 7 11 8 1985 4.0 213 2.8 0% 0% 100% 7

MRL-42-D3 Moorland 17 28 19 1986 4.0 477 5.7 0% 0% 100% 7

MRL-43-D3 Moorland 34 58 37 1979 4.0 697 8.0 0% 0% 100% 7

MRL-48-D3 Moorland 23 28 0 1999 4.0 624 8.6 0% 0% 100% 7

MRL-74-D4 Moorland 24 37 1 1996 3.6 972 10.1 0% 0% 100% 7

MRL-78-D4 Moorland 18 24 4 1990 3.6 552 4.8 0% 0% 100% 6

MRL-89-D4 Moorland 10 14 13 1984 4.0 286 4.5 0% 0% 100% 7

MRL-94-D4 Moorland 10 19 15 1983 4.0 350 4.0 0% 0% 100% 7

MRL-98-D4 Moorland 8 10 8 1980 4.0 213 2.1 0% 0% 100% 7

NEL-100-E7 Nelson 5 13 12 1947 2.0 207 3.0 0% 0% 100% 3

NEL-108-E7 Nelson 17 33 32 1947 2.0 521 6.8 0% 0% 100% 3

NEL-111-E7 Nelson 26 63 55 1945 2.0 827 10.7 2% 0% 98% 3

NEL-156-E7 Nelson 43 145 144 1951 2.0 1440 18.2 0% 0% 100% 4

NEL-16-E7 Nelson 16 31 29 1954 2.0 530 6.6 0% 0% 100% 3

NEL-183-E7 Nelson 43 145 140 1956 2.0 1779 22.8 2% 0% 98% 4

NEL-196-F7 Nelson 15 65 64 1947 1.0 608 8.9 0% 0% 100% 4

NEL-198-F7 Nelson 17 62 55 1948 1.0 564 8.5 0% 0% 100% 4

NEL-218-F7 Nelson 9 34 33 1948 1.0 372 4.9 0% 0% 100% 4

NEL-22-E7 Nelson 9 21 21 1953 2.0 342 4.7 0% 0% 100% 3

NEL-239-F7 Nelson 19 65 50 1956 1.0 799 11.1 3% 0% 97% 4

NEL-23-E7 Nelson 6 15 15 1972 2.0 256 3.6 0% 0% 100% 3

NEL-26-E7 Nelson 12 17 15 1963 2.0 256 2.7 0% 0% 100% 3

NEL-27-E7 Nelson 6 14 14 1965 2.0 207 2.9 0% 0% 100% 3

NEL-284-F7 Nelson 83 86 13 1934 1.9 1133 14.3 52% 11% 36% 2

NEL-28-E7 Nelson 4 10 10 1956 2.0 106 1.0 0% 0% 100% 3

NEL-297-E6 Nelson 36 80 6 1957 2.0 990 15.7 65% 0% 35% 2

NEL-31-E7 Nelson 19 46 36 1952 2.0 534 6.9 0% 0% 100% 3

NEL-340-F7 Nelson 11 13 0 2.0 245 4.5 67% 0% 33% 2

NEL-345-F7 Nelson 57 113 77 1951 1.8 1205 16.2 50% 0% 50% 4

NEL-35-E7 Nelson 22 56 41 1962 2.0 747 10.5 3% 0% 97% 3

NEL-36-E6 Nelson 5 13 13 1958 2.0 139 1.7 0% 0% 100% 3

NEL-377-F7 Nelson 87 291 195 1957 1.7 5248 64.8 14% 0% 86% 4

NEL-38-E6 Nelson 7 17 15 1956 2.0 201 2.7 0% 0% 100% 3

NEL-402-E7 Nelson 9 22 2 1938 2.0 281 3.9 0% 0% 100% 4

NEL-414-E7 Nelson 31 88 87 1954 2.0 1146 16.9 3% 0% 97% 4

NEL-418-E7 Nelson 27 100 83 1948 2.0 1183 15.6 7% 0% 93% 4

NEL-441-E7 Nelson 32 102 83 1959 2.0 1172 15.1 7% 0% 93% 4

NEL-465-E6 Nelson 14 24 20 1961 2.0 470 5.9 30% 0% 70% 4

NEL-471-E6 Nelson 23 46 23 1941 2.0 543 6.8 21% 0% 79% 4

NEL-48-E6 Nelson 44 95 82 1949 2.0 1396 19.0 22% 0% 78% 4

NEL-507-E7 Nelson 20 46 22 1944 2.0 558 7.8 0% 0% 100% 4

NEL-512-E7 Nelson 4 13 12 1958 2.0 122 1.6 0% 0% 100% 4

NEL-571-F8 Nelson 37 126 71 1945 1.5 1403 20.0 21% 0% 79% 4

NEL-605-F7 Nelson 32 87 87 1957 1.1 1247 17.4 0% 0% 100% 4

NEL-606-F7 Nelson 26 78 77 1961 1.0 1199 15.6 0% 0% 100% 4

NEL-619-F7 Nelson 121 76 41 1957 1.4 5225 66.1 77% 0% 23% 2

NEL-627-F7 Nelson 21 53 24 1954 2.0 1263 17.0 9% 0% 91% 4

NEL-643-F7 Nelson 54 94 46 1953 1.9 8216 100.2 38% 0% 62% 4

NEL-646-F7 Nelson 16 54 46 1949 1.5 624 8.6 4% 0% 96% 4

NEL-683-F6 Nelson 8 25 3 1932 1.8 380 5.4 0% 0% 100% 4

NEL-700-G8 Nelson 137 152 60 1953 1.6 4002 56.6 71% 6% 23% 2

NEL-710-F6 Nelson 61 99 54 1939 1.4 1615 23.1 42% 0% 58% 4

NEL-80-E7 Nelson 60 69 57 1957 1.9 2150 29.1 62% 0% 38% 2

NEL-89-E7 Nelson 31 66 65 1964 1.7 1526 20.6 0% 0% 100% 3

NEL-99-E7 Nelson 4 13 13 1953 2.0 192 2.6 0% 0% 100% 4

PTK-13-G9 Patrick 66 11 0 3.9 1185 16.5 0% 84% 16% 2

PTK-28-F9 Patrick 23 25 11 1989 1.5 1722 24.8 3% 0% 97% 4

PTK-2-G9 Patrick 29 7 0 3.2 119 1.7 0% 85% 15% 2

PTK-31-F9 Patrick 19 59 20 1990 1.9 876 11.7 2% 11% 87% 4

PER-10-C4 Perrine 46 34 2 2002 4.0 463 6.6 0% 0% 100% 5

PER-18-C4 Perrine 10 35 0 2012 4.0 644 11.9 0% 0% 100% 3
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PER-19-C4 Perrine 1 4 0 2010 4.0 92 1.4 0% 0% 100% 3

PER-1-C4 Perrine 33 55 1 2009 4.0 498 8.9 0% 0% 100% 3

PLT-136-F8 Plant Gravity 52 98 85 1959 1.0 1016 12.8 12% 0% 88% 4

PLT-189-F8 Plant Gravity 41 117 101 1957 1.0 1684 21.4 5% 0% 95% 4

PLT-191-E8 Plant Gravity 43 119 109 1960 1.1 1646 21.6 5% 0% 95% 4

PLT-217-E8 Plant Gravity 39 67 63 1962 1.0 1179 16.3 32% 0% 68% 3

PLT-221-E8 Plant Gravity 13 32 32 1958 1.0 596 7.5 0% 0% 100% 3

PLT-235-E8 Plant Gravity 15 28 27 1960 1.0 361 4.6 0% 0% 100% 4

PLT-246-E8 Plant Gravity 19 50 50 1961 1.0 855 11.7 0% 0% 100% 3

PLT-280-E8 Plant Gravity 55 138 5 1990 1.0 5115 66.1 0% 0% 100% 3

PLT-290-E8 Plant Gravity 60 146 112 1971 1.0 3725 44.9 0% 0% 100% 3

PLT-317-D8 Plant Gravity 92 169 106 1976 1.2 1930 26.5 6% 0% 94% 3

PLT-343-D8 Plant Gravity 81 175 153 1969 1.0 2049 27.1 0% 0% 100% 3

PLT-356-D8 Plant Gravity 39 98 92 1964 1.0 1119 14.8 0% 0% 100% 3

PLT-427-E8 Plant Gravity 48 132 128 1962 1.0 2780 35.3 0% 0% 100% 3

PLT-439-E8 Plant Gravity 38 84 68 1962 1.0 1155 15.2 4% 0% 96% 4

PLT-450-D8 Plant Gravity 86 200 150 1978 1.0 2770 36.8 7% 0% 93% 3

PLT-48-F8 Plant Gravity 193 52 0 2000 1.0 9334 154.4 82% 0% 18% 2

PLT-117-F8 Plant Gravity 335 128 53 1988 1.0 5251 78.4 67% 14% 19% 2

PLT-506-E8 Plant Gravity 45 121 119 1963 1.0 2124 28.0 11% 0% 89% 3

PLT-543-E8 Plant Gravity 45 83 76 1962 1.2 1747 20.4 25% 0% 75% 4

PLT-62-F8 Plant Gravity 53 128 122 1962 1.0 2015 27.1 14% 0% 86% 4

PLT-75-F8 Plant Gravity 36 107 101 1962 1.0 1607 19.9 0% 0% 100% 4

PLT-98-F8 Plant Gravity 10 27 20 1962 1.0 361 6.1 0% 0% 100% 4

RCK-13-G9 Rockwell 108 9 0 2.9 2569 29.9 0% 82% 18% 2

SAN-28-F3 Sandow 36 46 35 1969 4.0 470 6.4 0% 0% 100% 4

SAN-9-F3 Sandow 43 43 28 1950 4.0 327 4.4 2% 0% 98% 4

SMT-10-F4 Smith 8 30 30 1967 1.9 401 4.9 0% 0% 100% 4

SMT-16-F4 Smith 31 37 24 1960 2.2 299 4.1 21% 0% 79% 4

SMT-21-F4 Smith 10 33 32 1964 2.0 417 5.1 0% 0% 100% 4

SMT-23-F4 Smith 26 44 36 1959 2.0 632 8.2 1% 0% 99% 4

SMT-47-F4 Smith 14 44 37 1963 2.9 446 6.3 13% 0% 87% 4

SMT-62-F3 Smith 196 98 37 1952 3.6 499 7.9 18% 0% 82% 4

SMT-6-F4 Smith 8 31 31 1967 2.0 393 5.8 0% 0% 100% 4

STS-107-G6 State Street 13 43 4 1933 1.0 415 4.6 22% 0% 78% 4

STS-10-F6 State Street 43 85 0 1911 1.4 678 7.0 43% 0% 57% 4

STS-141-F7 State Street 59 145 3 1933 1.0 828 9.1 13% 2% 85% 4

STS-188-G7 State Street 112 60 0 1910 1.6 2912 33.8 24% 40% 35% 2

STS-194-F7 State Street 16 67 15 1931 1.0 726 7.7 0% 0% 100% 4

STS-34-F6 State Street 30 90 42 1937 1.0 977 15.1 17% 0% 83% 4

STS-38-F6 State Street 24 79 5 1928 1.0 938 11.4 19% 0% 81% 4

STS-88-F6 State Street 49 113 10 1922 1.0 1459 17.9 46% 3% 51% 4

STN-12-D3 Stoneridge 7 13 0 2003 3.7 268 4.1 0% 0% 100% 7

STN-24-D3 Stoneridge 31 34 0 2005 3.5 1220 17.1 0% 0% 100% 7

STN-26-D3 Stoneridge 36 59 5 1994 4.0 910 10.7 0% 0% 100% 7

Stratford Pines Stratford Pines 22 7 3 1934 3.3 1365 20.2 0% 2% 98% 4

NEL-12-E7 Sugnet/Concord 26 54 41 1969 2.0 1066 12.2 17% 0% 83% 3

NEL-59-E7 Sugnet/Concord 8 21 21 1947 2.0 230 2.4 0% 0% 100% 4

NEL-5-E7 Sugnet/Concord 14 32 32 1952 2.0 406 4.4 0% 0% 100% 3

SSG-18-E6 Sugnet/Saginaw 5 11 11 1960 2.5 138 2.6 0% 0% 100% 3

SSG-22-E6 Sugnet/Saginaw 5 10 10 1959 2.2 110 1.6 0% 0% 100% 3

SSG-25-E6 Sugnet/Saginaw 8 16 16 1956 2.6 211 2.9 0% 0% 100% 3

SSG-28-E6 Sugnet/Saginaw 4 6 6 1958 2.0 81 1.1 0% 0% 100% 3

SSG-35-E6 Sugnet/Saginaw 18 22 19 1962 2.1 297 3.6 0% 0% 100% 3

SSG-38-E6 Sugnet/Saginaw 31 30 21 1960 2.0 251 3.3 11% 0% 89% 3

SSG-46-E6 Sugnet/Saginaw 26 46 45 1958 2.1 535 6.6 0% 0% 100% 3

SSG-60-E6 Sugnet/Saginaw 13 26 23 1957 2.0 231 3.4 0% 0% 100% 3

SSG-62-E6 Sugnet/Saginaw 28 59 58 1954 2.0 617 8.7 0% 0% 100% 3

SSG-66-E6 Sugnet/Saginaw 8 24 23 1955 2.0 308 4.2 0% 0% 100% 3

SSG-74-E6 Sugnet/Saginaw 6 15 15 1963 2.0 142 1.9 0% 0% 100% 3

SSG-78-E6 Sugnet/Saginaw 11 26 25 1962 2.0 258 3.4 0% 0% 100% 3

SSG-81-E6 Sugnet/Saginaw 11 11 10 1961 3.0 120 1.5 0% 0% 100% 3

SSG-87-E6 Sugnet/Saginaw 34 25 14 1948 2.5 1216 15.6 0% 0% 100% 3

NEL-319-E7 Sugnet/St. Andrews 89 132 130 1958 1.1 1989 24.5 11% 0% 89% 3

SLV-124-C7 Sylvan 428 48 0 2001 3.3 5507 86.3 17% 60% 22% 2

SLV-159-D6 Sylvan 71 79 64 1970 2.0 2084 14.9 17% 0% 83% 3

SLV-168-D6 Sylvan 21 21 0 2012 3.0 287 4.1 94% 0% 6% 2

SLV-170-C7 Sylvan 156 99 32 1978 2.6 3786 47.4 44% 2% 54% 3
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SLV-18-D6 Sylvan 21 24 23 1971 2.9 313 3.7 0% 0% 100% 3

SLV-204-D6 Sylvan 19 44 29 1977 2.0 709 10.0 11% 0% 89% 3

SLV-210-D7 Sylvan 35 62 61 1967 1.4 879 11.3 45% 0% 55% 3

SLV-227-D7 Sylvan 47 105 70 1981 1.0 1650 20.4 0% 0% 100% 3

SLV-249-D7 Sylvan 45 126 126 1957 2.0 1426 19.3 0% 0% 100% 5

SLV-321-D7 Sylvan 86 161 65 1986 1.1 2550 32.4 0% 0% 100% 3

SLV-325-D7 Sylvan 45 101 0 1997 1.8 1731 22.3 0% 0% 100% 3

SLV-345-D7 Sylvan 57 120 0 2003 2.5 2098 29.2 0% 0% 100% 3

SLV-36-D6 Sylvan 49 118 69 1983 2.9 1163 17.0 2% 0% 98% 3

SLV-372-D7 Sylvan 24 51 17 1988 2.0 664 8.7 22% 0% 78% 3

SLV-390-D7 Sylvan 38 110 108 1973 1.9 1272 19.5 0% 0% 100% 3

SLV-407-D6 Sylvan 51 184 29 1993 3.0 1450 19.2 0% 0% 100% 3

SLV-414-D6 Sylvan 10 8 4 1980 2.0 241 2.9 73% 0% 27% 2

SLV-420-D6 Sylvan 8 24 24 1961 2.0 274 3.5 0% 0% 100% 3

SLV-421-D6 Sylvan 6 16 15 1976 3.6 356 5.6 0% 0% 100% 3

SLV-426-D6 Sylvan 16 28 15 1989 2.9 560 9.3 0% 0% 100% 5

SLV-438-D6 Sylvan 15 38 9 1988 2.5 541 6.9 0% 0% 100% 5

SLV-447-D6 Sylvan 8 19 16 1982 2.9 256 3.0 0% 0% 100% 3

SLV-469-D6 Sylvan 55 84 81 1969 1.5 1326 15.1 15% 0% 85% 3

SLV-4-D6 Sylvan 7 15 15 1971 3.9 198 2.2 0% 0% 100% 3

SLV-498-C7 Sylvan 201 100 0 2009 3.3 2846 40.3 36% 0% 64% 3

SLV-524-C6 Sylvan 102 18 0 2.3 3388 50.1 100% 0% 0% 2

SLV-558 Sylvan 191 26 0 1.9 169 3.0 99% 1% 0% 2

TWY-1-G6 Towsley 494 32 2 1942 2.9 39 0.5 0% 4% 96% 4

VAL-10-D4 Valley 24 8 7 1971 4.0 92 1.2 0% 0% 100% 3

VAL-112-D4 Valley 70 44 31 1958 3.8 436 7.2 7% 0% 93% 3

VAL-139-D4 Valley 16 47 5 1989 4.0 1136 19.1 18% 0% 82% 3

VAL-145-D4 Valley 69 38 25 1973 3.6 1468 20.8 7% 0% 93% 3

VAL-152-D4 Valley 22 36 0 1997 3.8 1932 27.8 0% 0% 100% 3

VAL-163-D4 Valley 13 28 27 1979 3.8 442 6.3 0% 0% 100% 3

VAL-16-C4 Valley 18 18 12 1970 4.0 190 2.3 0% 0% 100% 3

VAL-170-D4 Valley 21 47 25 1981 4.0 603 8.3 0% 0% 100% 3

VAL-185-D4 Valley 11 17 12 1975 3.7 264 4.1 0% 0% 100% 3

VAL-191-D4 Valley 12 13 11 1965 4.0 126 1.7 30% 0% 70% 3

VAL-198-D4 Valley 6 10 9 1963 4.0 149 2.0 0% 0% 100% 3

VAL-199-D4 Valley 16 3 2 1968 4.0 321 4.7 96% 0% 4% 2

VAL-19-D4 Valley 20 26 25 1971 4.0 366 4.8 0% 0% 100% 3

VAL-201-D4 Valley 6 8 3 1969 4.0 125 1.7 0% 0% 100% 3

VAL-208-D4 Valley 15 34 33 1972 4.0 539 6.7 0% 0% 100% 3

VAL-20-D4 Valley 18 20 18 1963 3.7 210 2.9 0% 0% 100% 3

VAL-212-D4 Valley 7 17 17 1959 4.0 219 2.9 0% 0% 100% 3

VAL-213-D4 Valley 4 11 8 1966 4.0 104 1.2 0% 0% 100% 3

VAL-214-D4 Valley 9 20 20 1966 4.0 287 3.9 0% 0% 100% 3

VAL-226-D4 Valley 20 44 42 1960 4.0 520 6.4 0% 0% 100% 6

VAL-227-D4 Valley 12 26 26 1967 3.9 406 4.8 0% 0% 100% 6

VAL-237-D4 Valley 26 33 31 1971 3.9 518 6.7 0% 0% 100% 6

VAL-244-D4 Valley 8 21 21 1968 4.0 416 6.6 0% 0% 100% 3

VAL-247-D4 Valley 16 20 18 1966 3.8 290 3.6 0% 0% 100% 3

VAL-265-D5 Valley 36 95 82 1977 4.0 1772 23.0 0% 0% 100% 3

VAL-2-D4 Valley 55 34 30 1959 3.5 335 4.8 0% 0% 100% 3

VAL-306-D5 Valley 7 16 13 1975 4.0 248 3.5 0% 0% 100% 3

VAL-341-D6 Valley 105 155 74 1973 2.8 2585 33.3 35% 0% 65% 3

VAL-354-D6 Valley 27 57 55 1975 1.0 800 10.0 0% 0% 100% 3

VAL-36-D4 Valley 8 11 11 1959 4.0 163 2.4 0% 0% 100% 3

VAL-384-D6 Valley 42 98 59 1972 1.4 1482 22.1 0% 0% 100% 3

VAL-394-D6 Valley 17 76 67 1980 1.0 629 8.0 20% 0% 80% 3

VAL-396-D6 Valley 13 46 39 1979 1.0 475 5.0 0% 0% 100% 3

VAL-418-D5 Valley 40 60 56 1969 4.0 866 11.6 0% 0% 100% 3

VAL-43-D4 Valley 24 35 21 1971 3.8 427 5.9 0% 0% 100% 5

VAL-441-D5 Valley 63 145 15 1990 4.0 1689 22.7 0% 0% 100% 3

VAL-449-D5 Valley 144 58 23 1976 3.9 6599 95.4 91% 0% 9% 2

VAL-44-D4 Valley 20 23 10 1977 3.4 200 2.1 0% 0% 100% 5

VAL-467-E4 Valley 323 79 56 1980 3.9 3199 42.6 85% 0% 15% 2

VAL-485-D4 Valley 3 8 8 1964 3.8 131 1.5 0% 0% 100% 3

VAL-491-D4 Valley 15 30 26 1965 3.9 397 5.7 0% 0% 100% 3

VAL-500-D6 Valley 43 102 83 1974 2.7 1022 12.9 13% 0% 87% 3

VAL-521-D5 Valley 19 40 36 1974 4.0 649 8.0 0% 0% 100% 3

VAL-527-D6 Valley 53 56 2 2000 1.0 2736 33.7 89% 0% 11% 2
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Rating

Avg Winter Water

Use (ft
3
/quarter)

Avg DWF

(gpm)

VAL-539-C5 Valley 73 116 64 1982 4.0 2068 26.8 25% 0% 75% 3

VAL-555-C4 Valley 100 84 47 1976 4.0 859 10.4 21% 0% 79% 3

VAL-563-D4 Valley 342 116 12 2000 3.5 2303 37.8 67% 4% 29% 2

VAL-58-D5 Valley 17 37 33 1970 3.9 417 5.0 0% 0% 100% 3

VAL-72-D5 Valley 25 57 51 1963 4.0 767 10.3 5% 0% 95% 3

VAL-77-C5 Valley 24 27 8 1965 4.0 1248 20.9 61% 0% 39% 2

VAL-92-D5 Valley 57 77 64 1964 4.0 1327 18.9 32% 0% 68% 3

SMT-48-F3 Vance Road 18 21 0 1995 4.0 275 4.2 0% 0% 100% 4

VAN-4-F4 Vance Road 21 11 8 1960 4.0 74 0.9 0% 0% 100% 4

WLY-13-C5 Wackerly/Sturgeon 34 51 6 1985 4.0 659 6.7 42% 0% 58% 3

WWD-17-D5 Walden Woods 17 33 0 1991 4.0 749 6.6 0% 0% 100% 3

WWD-21-D5 Walden Woods 37 64 0 1992 4.0 1212 10.8 22% 0% 78% 3

WWD-31-D5 Walden Woods 5 10 0 1993 4.0 264 1.9 0% 0% 100% 3

WWD-43-D5 Walden Woods 10 19 0 1990 4.0 460 3.2 0% 0% 100% 3

WWD-5-D5 Walden Woods 17 61 0 1992 4.0 504 4.9 0% 0% 100% 3

Waldo Waldo 258 10 0 2017 3.3 0.0 0% 0% 100% 3

WSH-5-G7 Washington 28 5 0 2.0 92 1.4 76% 22% 2% 2

WHE-10-D8 Wheeler 21 39 0 2008 3.2 470 4.7 0% 0% 100% 3

WHE-24-D8 Wheeler 5 6 3 1988 1.1 58 0.7 0% 0% 100% 3

WHE-33-D8 Wheeler 26 49 0 2008 2.6 631 8.5 0% 0% 100% 3

WHE-36-D8 Wheeler 39 25 0 2014 3.3 71 1.1 10% 0% 90% 3

WTB-1-C4 Winterberry 56 51 1 2004 3.3 1211 7.8 0% 0% 100% 3

WYM-109-F6 Wyman 13 30 0 1897 1.0 227 4.0 27% 0% 73% 4

WYM-123-F6 Wyman 14 57 2 1918 1.0 658 12.1 21% 0% 79% 4

WYM-144-F6 Wyman 49 186 15 1928 1.0 1950 24.9 23% 0% 77% 4

WYM-159-F6 Wyman 9 15 3 1935 2.0 250 2.0 0% 0% 100% 4

WYM-161-F6 Wyman 3 13 1 1921 1.0 156 1.8 0% 0% 100% 4

WYM-169-F6 Wyman 63 134 6 1922 1.3 4256 65.5 63% 1% 37% 2

WYM-250-E6 Wyman 234 184 56 1939 2.5 4265 46.1 61% 1% 38% 2

WYM-273-E6 Wyman 42 45 37 1958 1.5 1006 11.6 22% 0% 78% 4

WYM-27-F5 Wyman 26 51 2 1908 1.7 551 5.8 18% 0% 82% 4

WYM-72-F6 Wyman 29 82 5 1920 1.2 1084 11.2 6% 0% 94% 4

WYM-85-F6 Wyman 41 95 0 1920 2.0 2534 30.7 72% 5% 23% 2
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Rain Event Hyetograph for 25 Year, 24 Hour (Design)
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 24

Peak Intensity (in/hr) 1.81
Total Rain (in) 4.22

Recurrence Interval* 25 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for 10 Year, 24 Hour (Design)
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 24

Peak Intensity (in/hr) 1.44
Total Rain (in) 3.36

Recurrence Interval* 10 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for June 17-24, 2017 (Verification)
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 168

Peak Intensity (in/hr) 0.89
Total Rain (in) 7.46

Recurrence Interval* 82 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for May 12, 2016
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 3

Peak Intensity (in/hr) 0.5
Total Rain (in) 0.59

Recurrence Interval* <1 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for September 18, 2015
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 4

Peak Intensity (in/hr) 0.2
Total Rain (in) 0.23

Recurrence Interval* <1 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

9/
18

/1
5 

3:
00

9/
18

/1
5 

4:
00

9/
18

/1
5 

5:
00

9/
18

/1
5 

6:
00

9/
18

/1
5 

7:
00

9/
18

/1
5 

8:
00

R
ai

n 
(i

n/
hr

)

Date

Barstow
Airport

Printed On: 4/12/2018
\\vmengr18\projdocs\201705\20170595\03_Studies\Working\ssheets\20180109_Rainfall_Analysis_DJR.xlsx\September 18, 2015



Rain Event Hyetograph for September 3, 2015
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 10

Peak Intensity (in/hr) 0.51
Total Rain (in) 1.82

Recurrence Interval* 2 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for June 12, 2015
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 11

Peak Intensity (in/hr) 0.47
Total Rain (in) 1.78

Recurrence Interval* 1 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for November 23, 2014
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 24

Peak Intensity (in/hr) 0.15
Total Rain (in) 0.97

Recurrence Interval* <1 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for October 3, 2014
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 15

Peak Intensity (in/hr) 0.21
Total Rain (in) 1.04

Recurrence Interval* <1 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Rain Event Hyetograph for August 7, 2013
City of Midland
Storm and Sanitary Sewer Study

Rain Gauge Barstow Airport
Duration (hours) 3

Peak Intensity (in/hr) 0.4
Total Rain (in) 0.48

Recurrence Interval* <1 Year

Notes:
*Recurrance Interval, is based on NOAA Atlas 14
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Appendix 7A 

Footing Drain Disconnection Articles 
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Chapter 8 A Case Study – Ann Arbor, Michigan 

This chapter provides a case study to demonstrate how the RDII methodology described in this technical report has 
been effectively used in SSO planning and analysis.  This case study serves to illustrate considerable challenges in 
operating sanitary sewer systems and in planning and analysis for SSO control.  More detailed descriptions of the case 
study and engineering analyses are available in the following references: CDM (2001), Sherman, et al. (2002), 
Sherman, et al. (2005), Sherman, et al. (2006), and Stonehouse, et al. (2005.)   

8.1 Introduction 
Controlling SSO and basement backups is important to the City of Ann Arbor, its customers, and its regulators.  SSOs 
are addressed by reducing flows into the system, offsetting any new flow entering the system through a developer 
mitigation program, and increasing conveyance capacity for strategic reaches of sewer.  Inflow from private 
properties, attributed primarily to footing drains, was determined to be the single largest source of flow under wet-
weather conditions. Footing drain flow monitoring provided a greater understanding into the variability and 
magnitude of this flow.  A system-wide model was developed to characterize the hydrology and the collection system 
hydraulics. This model allowed a system-wide determination of where improvements were needed; prioritization of 
the footing drain disconnection (FDD) program; and application of a developer mitigation program during which 
flows from new development are offset by reduced flow in other locations.  The approach taken in the City of Ann 
Arbor is somewhat unique in that: 

1.	 The City recognized that footing drains are a major source of the extraneous flows entering the system and 
there was real benefit to all users of the system to spend public monies to address the footing drains on private 
property. 

2.	 The City passed an ordinance requiring that footing drains be disconnected as a legal basis.  However, the 
City’s greatest success in compliance was through its public outreach and educational efforts that resulted in 
an informed and participating citizenry. 

3.	 The City also requires that developers of new projects that would add flow to the sanitary sewer system, 
offset these flows by reducing existing flows or provide additional capacity to the collection system.  The 
sewer model was reconfigured to specifically represent the development and estimate the additional flow 
added. Then, flows were removed by disconnecting the appropriate number of footing drains from the 
collection system at the developer’s expense. 

Figure 8-1 shows the City’s sanitary sewer system and location of its WWTP.  The system has the following 
characteristics: 

•	 Population Served – 114,000 
•	 Tributary Area – 21,900 acres 
•	 Citywide Model – 11,000 pipes (390 miles) 
•	 Base Flow – 19 MGD 

SSO occurs during large storm events at the WWTP.  Furthermore, precipitation-induced stresses on the sanitary 
sewer system result in a number of properties experiencing basement backups.  A study investigating five areas of 
concentrated basement backup incidents was performed in 2000 and identified footing drains as a significant 
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contributor to the wet-weather response observed in the sanitary sewer system.  In 2003, the City of Ann Arbor, 
Michigan and the Michigan Department of Environmental Quality (MDEQ) agreed to an Administrative Consent 
Order (ACO) that serves as the regulatory basis for the City’s SSO control program.   

Figure 8-1. Ann Arbor sanitary collection system. 

8.2 Hydrology and Hydraulics 
The computer model of the City’s sanitary sewer system was developed during the third and fourth quarters of 2003.  
The model helps City staff plan for infrastructure changes and improvements by realistically simulating sewer flows 
under both existing and future conditions.  The model drew information from a GIS database to support development 
of the hydrologic portion of the model.  It also provides collection system attributes to characterize the hydraulic 
portion of the model.  The project team gathered and organized extensive data on the structure of the City’s sanitary 
sewer system. It also collected data on the response of the system, that is, the quantity of flow occurring in its various 
pipes, and their ability to handle that flow, during dry-weather and storm conditions.   

The GIS of the collection system, the DWF data and the wet-weather response information were combined to provide 
the basis for a computer model of the sanitary sewer system.  The modeling software selected for this project was the 
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SWMM version 4.4h with some minor modifications to array sizes.  DHI’s Mike SWMM, a commercial package, 
provided some of the pre- and post-processing functionality.  The model has since been converted to SWMM5. 

The model development included an initial setup phase, during which connectivity and pipe attributes underwent a 
thorough review of every profile. Those cases with suspect attributes were investigated further by researching GPS 
field records (including photos) and where necessary, additional field inspection. DWFs were then incorporated into 
the model. Finally, wet-weather response parameters were added.  These parameters were adjusted to provide a 
consistent model response during the calibration and validation processes.   

8.3 Data Collection 
To determine DWF and evaluate the response of the collection system to wet weather, a flow metering network was 
installed. Flow and water-level data were collected during a six-month period from April to September 2003.  The 
network consisted of 40 flow meters installed throughout the City.  Some of these meters were installed to evaluate 
the response from specific tributary areas, while others were installed in the interceptor sewers to allow overall 
measurement of flows generated in the areas of the City located north and south of the Huron River.   

To understand the water levels in other areas throughout the sanitary collection system, 40 inexpensive peak-stage 
recorders were also installed to support the six-month monitoring program.  At the end of the project, the monitors 
were left in place to support analysis in the event that a very large storm would occur at a later date.  Periodic data 
were gathered on the peak water elevations reached at these locations to enhance understanding of the wet-weather 
response of the system. Additionally, a network of 10 tipping bucket rain gauges was used to measure the amount of 
rainfall to which the collection system was responding. Of these rain gauges, five existed as permanent gauges and 
five additional gauges were installed (two of which were permanent.)  Doppler radar–based information (1 km x 1 km 
resolution) was used to supplement the rain gauge network with more detailed geographic coverage of rainfall data to 
support model calibration and verification.  Doppler radar-based information (2 km x 2 km resolution) was also 
obtained for the large June 24-26, 2000 storm event to support analysis of the relatively widespread basement 
flooding produced by this event. 

8.4 Development of System Response Parameters 
Collection system response was defined for dry- and wet-weather conditions for dormant and growth seasons.  Once 
the initial framework of the model was established, the next step was to determine typical DWF throughout the City 
for both dormant and growth seasons.  Metering data were analyzed using CDM’s Sewer Hydrograph Analysis 
PackagE (SHAPE) program to establish DWF and RDII days.  The SHAPE program allows the decomposition of 
metered flow into various components, including GWI, BWF, and three unit hydrographs used for defining the shape 
and volume of the RDII. SHAPE functionality has since been integrated into the SSOAP Toolbox.  Measurements of 
flows at the wastewater treatment plant, supplemented by a comparison to water billing records, provided the initial 
estimate of DWF.  More importantly, they provided a basis on which DWF from metering could be disaggregated to 
upstream subsewersheds.  That is to say that DWFs determined for 40 metering locations were disaggregated to more 
than 2,600 upstream subsewersheds in proportion to water billing records.   

Flow information was also compared to the observed rainfall to determine wet-weather response at each meter 
location. Response curves created for each meter showed seasonal changes, consistent with previous flow analyses in 
Ann Arbor and elsewhere. The curves clearly indicated two different seasonal characteristics in the system’s 
response to rainfall, with a marked change from one to the other season.  Figure 8-2 illustrates a clear break between 
seasons occurring in late May 2003.  A second transition was not monitored as part of this project but would occur in 
the fall. These two types of collection system behavior are referred to as the dormant and growth season responses.  
During the dormant season, with its lack of vegetation, the system responds to wet weather with a significantly greater 
volume of sewer flow than in the growth season, when vegetation reduces the amount of rainfall entering the 
collection system. The MDEQ defined growth season from April 1st through October 31st, so for regulatory 
simulations, parameters were adjusted to appropriately represent these requirements. 
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Figure 8-2. Seasonal breakpoint. 

The general hydrologic model centers on using the RDII parameters, R, T, and K, for up to three component 
hydrographs.  The T and K parameters are listed in Table 8-1, whereas, the area-weighted average R-values varied 
from 1.6 to 4 percent for the growth and dormant seasons, respectively.  For this work, two component hydrographs 
were found to be adequate: one defines the more direct response, or inflow; and the other defines the delayed 
response, or infiltration. The R values quantify the response volume and shape and the T and K parameters further 
refine the response shape. Another aspect of RDII is illustrated in Figure 8-3, that of the initial abstraction.  Initial 
abstraction is the ability of surfaces and soils to hold water with little or no response observed in the collection 
system. The maximum initial abstraction (V0) noted in Figure 8-3 represents the amount of rainfall below which the 
collection system will not respond if dry antecedent moisture conditions apply.  Initial abstraction varies between zero 
for very wet antecedent moisture conditions and Vo for dry antecedent moisture conditions.  The maximum value also 
varies seasonally with growth season often as much as twice that of dormant.  Furthermore, the growth season 
response volume can be markedly lower than dormant season conditions for the same volume of rainfall.  The 
seasonal variation in initial abstraction and response volume is similar to that observed in many sanitary systems. 

Table 8-1. RDII TK Parameterization 

Areas Affected 
Footing Drains Component Hydrograph Shape Parameters 

Yes No T1  K1  T3  K3 

General Application (except 
specific areas noted below) 

X 2 1.4 5 18.2 

General Application (except 
specific areas noted below) 

X 2.4 1 5 18.2 

*03B, 17C X X 1.2 1 5 18.2 
*06A X X 5 1 10 8.6 
*07A, 07B, 09D X X 3 1 5 18.2 
*13A X X 2 2 8 3 
*Areas where flow monitoring data were available but not shown in Figure 8-1. 
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Figure 8-3. Seasonal responses to rainfall relationships. 

8.5 Capacity Assessment 
Once calibrated, the model was used to analyze Ann Arbor’s sanitary sewer system. Several scenarios were created 
and modeled to determine where the collection system needed improvements. The analyses performed included 
modeling strategies to prevent SSOs in the Swift Run trunk and assessing the effect of the FDD program to determine 
when the collection and treatment systems would comply with SSO requirements. Figure 8-4 illustrates surcharging 
in terms of depth from ground surface to the HGL. High HGL relative to the ground, as determined by the model, 
coincides well with the locations of basement flooding. 

A second part of the modeling analysis work was to review the system from a level-of-service perspective. This 
effort included simulating two large historical storm events in August 1998 and June 2000, which caused widespread 
basement backup problems. This analysis resulted in recommendations for system improvements to provide 
protection to City residents from future similar events. The model allowed various improvements under various FDD 
program conditions to be evaluated. For example, the model is used to evaluate the effect of new development on the 
collection system and the effect of removing flows as part of the developer-mitigation requirement. 

8.6 SSO Control Program 
The City-wide model was used to evaluate the FDD program to reduce RDII in the sanitary sewers. By adjusting the 
model to account for the number of properties for which FDD has been performed or will be performed in the future, 
the model helps determine the resulting effects on the wastewater collection system. This capability assists in 
planning current and future phases of that program. 
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Figure 8-4. System capacity limitations coincide with basement flooding incidents. 

To eliminate SSOs, flow must be removed from the sanitary sewer system or the capacity of the system be increased.  
The requirements for compliance with the ACO include: 

•	 Disconnect footing drains as the primary method of reducing flow.  Figures 8-5 and 8-6 show some of the 
exterior and interior work associated with FDD. 

•	 Monitor a representative sampling of disconnected footing drain flow to confirm the removal of flows from 
the sanitary sewer system.  A hydrograph of footing drain flow is shown in Figure 8-7. 

•	 Monitor sewer flow and model system-wide hydrology and hydraulics to certify that the corrective action 
plan meets the control objective. 

•	 Implement a mitigation program to offset flow produced by new construction. 
•	 Submit annual report to document compliance with the above requirements. 

Figure 8-5 shows work on the curb drain.  A curb drain is required in most cases to serve as a collector pipe by which 
all disconnected footing drains for properties along one side of the street can connect.  This curb drain then taps into 
the existing stormwater system, often at the back-of-curb side of existing catchbasins as shown in Figure 8-5.  Figure 
8-6 shows a finished sump, to which the footing drain disconnected from the sanitary sewer is reconnected prior to 
pumping from the basement through a pipe that discharges into the curb drain.  Figure 8-6 also shows two persons 
performing a drawdown test to assess the average pumping rate at one of many locations instrumented with data 
loggers that record pump ON/OFF cycling.  The pumping rate and the ON/OFF data can be used to determine the 
flow directed to the sump from the footing drains. An example of this footing drain flow is shown in Figure 8-7 and 
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is a useful means of quantifying flows removed at the source, in this case as a response to a storm event.  Many 
footing drains also produce flow under dry-weather conditions, that once removed, also provide a benefit in the form 
of reduced treatment costs. 

Figure 8-5. Curb drains convey disconnected footing drain flow to the storm water system. 

Figure 8-6. Testing pumping rate to support monitoring of a disconnected footing drain. 
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Figure 8-7. Footing drain monitoring provides evidence of flows being removed. 

Prioritizing FDDs relied heavily on modeling results.  Approximately 1,000 properties have been disconnected.  
Figure 8-8 illustrates FDD progress.  In the areas where the FDD schedule is yet to be determined, there are properties 
that do not have connected footing drains.  These properties are primarily identified by the year constructed or other 
factors, such as structures on slabs instead of basements.   

Many factors influence the prioritization of work.  Homes selected for disconnection were based on incident reports, 
model results, visual surveys for properties at similar elevations, and where curb drain construction made sense for 
both engineering and cost. The severity of backups and concentrations of effort were also factors.  Modeling was 
used in some areas to confirm that properties were not at risk for basement backup.  In general, properties with 
connected footing drains, which are at risk for basement backup, will have check valves installed.  The intent is to 
ultimately reduce system stresses to the point that the check valves are no longer necessary.  Therefore, after focusing 
on properties at risk for basement backup, footing drain flows will be removed to reduce hydraulic grade line in 
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critical areas. 

Figure 8-8. Footing drain disconnection progress. 

As part of this subsequent phase, the City found that multi-family residential buildings offered the potential to remove 
footing drain flow at less cost per gallon removed due to a greater length of footing drain (related to building 
perimeter) per disconnection made. All flow removed has the added benefit of not requiring treatment and further 
reduces the risk of SSOs at the WWTP. 

For large storm events on the order of 3.6 to 3.9 in. during 24 h, estimates based on extrapolating footing drain flow 
monitoring data suggest approximately 4 gpm peak rate is removed for each FDD on average.  With approximately 
1,000 disconnections thus far, this equates to between 5 and 6 MGD removed during a large storm event.  This is a 
significant improvement for a system with peak treatment capacity of 29.5 MGD and flow equalization of 16.8 MG.  
Although less significant, DWF analysis of footing drain flows indicate that there has been approximately 14 
MG/year removed from treatment due to base footing drain flow alone.  This represents 75 percent of one day’s 
wastewater treatment on a typical DWF day.   
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In addition to supporting the FDD program, the SSO control program requires that the collection system be managed 
to ensure improvements are made and that additional development does not exacerbate existing problems.  The 
sanitary sewer system model has been used to identify and support specific infrastructure improvements, including: 

•	 Increased capacity for the Swift Run trunk system.   
•	 Optimized pumping at the Lakewood Pumping Station, including pump upgrades.   
•	 Modeling results were provided in GIS and hardcopy format to the City’s planning department to allow 

consideration of sewer improvements during street repaving and prioritized work.  Sewer upgrades are 
performed concurrently with street repaving efforts where necessary. 

•	 The model is being used to support an ongoing evaluation of flow control between the north and south Huron 
River interceptors to better optimize system operations to effectively use the existing conveyance capacity. 

•	 Developers are required to mitigate flows added to the collection system by performing FDDs at existing 
properties. To date, there have been 58 developer projects requiring mitigation of 8.8 MGD based on 
expected sanitary flow − multiplied by a factor of 4 − to represent potential peak rate added. 

•	 Evaluate impact of University of Michigan football stadium expansion. 

8.7 Public Outreach 
The City and its residents participated in a joint task force that oversaw the study, the development of the program, 
and effectiveness of solutions implemented.  The task force was the first step in reaching out to the public and 
involving them in the process.  The FDD program included work in five areas in Ann Arbor that have historically 
experienced basement backups.  These areas primarily comprise the most dense sewer network areas shown in Figure 
8-8 that lie in the northeast and southwest of the map.  For these properties, the facilities located in basements, which 
include floor drains, laundry, showers, and bathrooms, are being protected from future basement backups using check 
valves. 

As part of construction management services, the program manager scheduled groups of properties to be disconnected 
each month. The program manager also scheduled group discussions as part of neighborhood meetings (see Figure 8
9), individual meetings with homeowners during preconstruction inspections, reviewed estimates from prequalified 
contractors, and performed post-construction inspections to ensure that the work met the standards of the City.  The 
public outreach work included periodic presentations to the City Council and weekly video broadcasts on the local 
cable access channel that explained the need for the program and the required steps for success.  In addition, the 
outreach program consisted of an informational website that explained the project activities, as well as informational 
materials provided in the reference areas of all of the local libraries.   

The work on private properties included installing new sumps in basements, installing check valves, disconnecting the 
footing drains from the sanitary piping, and installing a sump pump and discharge line.  This program also included a 
flow verification step. For this work, individual sump pump discharges were monitored to better understand the flow 
volume and peak rates to be expected once these footing drains were disconnected.  This information is useful in 
guiding future implementation phases of the program and providing information to homeowners on the reductions in 
flows that resulted from performing this disconnection work.  Participating property owners rate the program 
“excellent” year after year based on feedback from a survey provided to owners post-construction.   
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Figure 8-9. Neighborhood meeting with property owners. 

8.8 Summary 
A computer model of the entire publicly owned sanitary collection system was developed.  The model includes the 
physical characteristics of the City’s sanitary sewers and the wet-weather response characterization for different 
seasons. The wet-weather response, RDII, was modeled using SWMM and included the R, T, and K parameters for 
all model tributaries. The model was calibrated and validated with available flow and water-level data.  It provides a 
reasonable estimate of the actual responses expected in the sanitary collection system under a variety of conditions. 

The FDD program is underway with approximately 1,000 properties disconnected.  This RDII removal program, with 
work on private property, requires an effective public outreach program to ensure participants are well informed and 
receptive to the changes needed to address system capacity problems and associated basement backups. 

The model was used to determine how the sanitary collection system responds to various storm scenarios, and to 
understand how the FDD program affects the operation of the system during such storms.  The analysis has helped 
improve the City’s understanding of specific deficiencies in its collection system, so that corrections can be made to 
provide a consistent level of service to all customers. 

Moreover, Ann Arbor’s City-wide model provides City staff with an ongoing planning tool that can be used to 
evaluate sewer service for new developments and the impact of such development on the existing system and its 
customers. It also helps the City develop effective strategies for continued compliance with environmental 
regulations and policies. 
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Appendix 7B 

CIP Supporting Cost Tables 



Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: FDD - Low (5 GPM) Job No. 20170595

ALT 

No.
QUAN. UNIT UNIT PRICE

PROJECT 

COST (2)

1 672 EA 15,500$         $10,416,000
2 - - - -
3 90 EA 15,500$         $1,395,000
4 750 EA 15,500$         $11,625,000
5 95 EA 15,500$         $1,473,000
6 156 EA 15,500$         $2,418,000
7 300 EA 15,500$         $4,650,000
8 86 EA 15,500$         $1,333,000
9 70 EA 15,500$         $1,085,000

10 64 EA 15,500$         $992,000
11 - - - -
12 22 EA 15,500$         $341,000

(2) - Cost provided is a Project Cost for Each District 

Jefferson Pump Station District

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

Sylvan Pump Station District 

Jefferson Avenue District
Sylvan Lane District

Adams Road  District (3) 

Perrine Road District 

Moorland Pump Station District
Sturgeon Avenue District (1)

Whitewood

East Sugnet Road District

East Saint Andrews Road
Notes:
(1) - FDD is not feasible for these Districts 

Wilson Drive (1)

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT A - FDD Low (5 GPM)
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: FDD - HIGH (2.7 GPM) Job No. 20170595

ALT 

No.
QUAN. UNIT UNIT PRICE

PROJECT 

COST (2)

1 - - - -
2 - - - -
3 170 EA 15,500$         $2,635,000
4 799 EA 15,500$         $12,385,000
5 161 EA 15,500$         $2,496,000
6 289 EA 15,500$         $4,480,000
7 473 EA 15,500$         $7,332,000
8 135 EA 15,500$         $2,093,000
9 96 EA 15,500$         $1,488,000

10 119 EA 15,500$         $1,845,000
11 - - - -
12 41 EA 15,500$         $636,000

(2) - Cost provided is a Project Cost for Each District 

Notes:
(1) - FDD is not feasible for these Districts 

(3) - See Alternative D for Project Cost

Whitewood

Adams Road  District (3) 
Jefferson Pump Station District (3)

East Sugnet Road District
Wilson Drive (1)

East Saint Andrews Road

Sylvan Lane District (3)
Jefferson Avenue District

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

Perrine Road District (1) 
Sturgeon Avenue District (1)

Moorland Pump Station District
Sylvan Pump Station District (3)

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT A - FDD High (2.7 GPM) 
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Perrine Road Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 2,300 LF $330 $759,000
2 4,300 LF $450 $1,935,000
3 6,400 LF $500 $3,200,000
4 100 LF $600 $60,000
5 44 EA $7,500 $328,000
6 200 LF $750 $150,000
7 1 LS $100,000 $100,000
8 1 LS $150,000 $150,000

9 1 LS $150,000 $150,000
Subtotal: $6,832,000

35% $2,391,000
10% $683,000
Subtotal: $3,074,000

ENGINEER'S OPINION OF PROJECT COST $9,906,000

New 42" Sewer (Replace 27")

 Jack and Bore 24" Casing

Temporary Bypass Pumping

Contingency
Unforeseen Conditions

Traffic Control

Sanitary Manhole, 48" Diameter

Table 

New 36" Sewer (Replace 21" and 24")

DESCRIPTION

Engineer's Opinion of Project Costs

New 18" Sewer (Replace 10" and 12")
New 30" Sewer (Replace 15" and 18")

Dewatering 

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 1B - Perrine Rd Conveyance
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Whitewood PS & Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 5,500 LF $575 $3,163,000
2 16 EA $7,500 $120,000
3 1 LS $125,000 $125,000
4 1 LS $850,000 $850,000
5 1 LS $75,000 $75,000
6 1 LS $100,000 $100,000
7 1 LS $175,000 $175,000

8 1 LS $100,000 $100,000
Subtotal: $4,708,000

35% $1,648,000
10% $471,000
Subtotal: $2,119,000

ENGINEER'S OPINION OF PROJECT COST $6,827,000

Traffic Control

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 12" Sewer (Replace 10")
Sanitary Manhole, 48" Diameter

Dewatering

Temporary Bypass Pumping

Install New 1 MGD Pump Station
Temporary Construction Dewatering

Junction Chamber

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 2B -Whitewood Conv  
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Sylvan P. Station Replacement Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $200,000 $200,000
2 1 LS $7,500,000 $7,500,000
3 1 LS $50,000 $50,000
4 1 LS $250,000 $250,000
5 1 LS $50,000 $50,000

Subtotal: $8,050,000

35% $2,818,000
10% $805,000
Subtotal: $3,623,000

ENGINEER'S OPINION OF PROJECT COST $11,673,000

Table 

Engineer's Opinion of Project Costs

ITEM

Demo Existing 6.0 MGD Pump Station
Install New 11.4 MGD Pump Station

Junction Chamber
Restoration

Contingency

Temporary Construction Dewatering

Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 3B -Sylvan P Sta Replcement

Page 5
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Sylvan P. Station Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 1 LS $6,500,000 $6,500,000
3 1 LS $200,000 $200,000
4 500 FT $100 $50,000
5 1 LS $50,000 $50,000
6 1 LS $250,000 $250,000

Subtotal: $7,350,000
35% $2,573,000
10% $735,000
Subtotal: $3,308,000

ENGINEER'S OPINION OF PROJECT COST $10,658,000

Temporary Construction Dewatering  

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (0.6 MGD)
Construction of 0.6 MG Storage Basin

Yard Piping
Junction Chamber

Restoration

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 3C-Sylvan PS Storage 600k

Page 6
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative D - Sylvan P. Station Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 710 FT $700 $497,000
3 2 LS $250,000 $500,000
4 1 LS $400,000 $400,000
5 1 LS $125,000 $125,000
6 200 FT $100 $20,000
7 1 LS $50,000 $50,000
8 1 LS $50,000 $50,000
9 1 LS $250,000 $250,000

Subtotal: $2,192,000

35% $767,000
10% $219,000
Subtotal: $986,000

ENGINEER'S OPINION OF PROJECT COST $3,178,000

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (0.15 MGD)
72" RCP Pipe (150k Storage)

Control Structures

Yard Piping

Temporary Construction Dewatering  

Flushing System/Odor Control
Instrumentation & Controls

Utility Allowance

Contingency
Unforeseen Conditions

Restoration

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 3D-Sylvan PS Storage 150k

Page 7

9/4/2018



Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative D - Sylvan P. Station Upgrade Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $2,000,000 $2,000,000
2 1 LS $100,000 $100,000

Subtotal: $2,100,000

35% $735,000
5% $105,000

Subtotal: $840,000

ENGINEER'S OPINION OF PROJECT COST $2,940,000

Upgrade Existing Pump Station to 8.5 MGD
Temporary Bypass Pumping

Table 

Engineer's Opinion of Project Costs

ITEM

Whitewood
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 3D -Sylvan P Station Upg
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Moorland P Station Upgrade Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $50,000 $50,000
2 1 LS $750,000 $750,000
3 1 LS $200,000 $200,000
4 1 LS $30,000 $30,000
5 1 LS $50,000 $50,000
6 1 LS $50,000 $50,000

Subtotal: $1,130,000

35% $396,000
10% $113,000
Subtotal: $509,000

ENGINEER'S OPINION OF PROJECT COST $1,639,000

Table 

Engineer's Opinion of Project Costs

ITEM

Demo Existing 800 gpm Pump Station
Install New 1,250 gpm Pump Station

Junction Chamber

Temporary Bypass Pumping
Temporary Construction Dewatering 

Restoration

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 4B-Moorland P Sta Upgrade
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Moorland P. Station Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 350 FT $850 $298,000
3 2 LS $250,000 $500,000
4 1 LS $400,000 $400,000
5 1 LS $125,000 $125,000
6 200 FT $100 $20,000
7 1 LS $50,000 $50,000
8 1 LS $100,000 $100,000

Subtotal: $1,793,000

35% $628,000
10% $179,000
Subtotal: $807,000

ENGINEER'S OPINION OF PROJECT COST $2,600,000

Yard Piping

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (100 GPM)
72" RCP Pipe (75k Storage)

Control Structures
Flushing System/Odor Control

Instrumentation & Controls

Utility Allowance
Temporary Construction Dewatering  

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 4C-Moorland PS Storage 
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Jefferson P Station Upgrade Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $75,000 $75,000
2 1 LS $600,000 $600,000
3 1 LS $20,000 $20,000
4 1 LS $75,000 $75,000
5 1 LS $50,000 $50,000

Subtotal: $820,000
35% $287,000
10% $82,000
Subtotal: $369,000

ENGINEER'S OPINION OF PROJECT COST $1,189,000

Temporary Bypass Pumping

Table 

Engineer's Opinion of Project Costs

ITEM

Demo Existing 700 gpm Pump Station
Install New 1,050 gpm Pump Station

Restoration
Temporary Construction Dewatering  

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 5B - Jefferson PS Upgrade
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Jefferson P Station Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 168 FT $850 $143,000
3 2 LS $200,000 $400,000
4 1 LS $400,000 $400,000
5 1 LS $125,000 $125,000
6 1 LS $50,000 $50,000
7 1 LS $50,000 $50,000
8 1 LS $50,000 $50,000

Subtotal: $1,518,000

35% $531,000
10% $152,000
Subtotal: $683,000

ENGINEER'S OPINION OF PROJECT COST $2,201,000

Instrumentation & Controls

Dewatering Pump Station (100 GPM)
72" RCP Pipe (33k Storage)

Control Structures
Flushing System/Odor Control

Table 

Engineer's Opinion of Project Costs

ITEM

Temporary Construction Dewatering
Utility Allowance

Restoration

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 5C- Jefferson P Sta Storage
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Sylvan Lane Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 3,300 LF $575 $1,898,000
2 10 EA $7,500 $75,000
3 1 LS $75,000 $75,000
4 1 LS $125,000 $125,000

5 1 LS $75,000 $75,000
Subtotal: $2,248,000
35% $787,000
10% $225,000
Subtotal: $1,012,000

ENGINEER'S OPINION OF PROJECT COST $3,260,000

Traffic Control

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 24" Sewer (Replace 18")
Sanitary Manhole, 48" Diameter

Dewatering
Temporary Bypass Pumping

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 6B - Sylvan Lane Conv 
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Sylvan  Lane Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 1,300 FT $850 $1,105,000
3 2 LS $300,000 $600,000
4 1 LS $400,000 $400,000
5 1 LS $125,000 $125,000
6 1 LS $50,000 $50,000
7 1 LS $50,000 $50,000
8 1 LS $75,000 $75,000
9 1 LS $100,000 $100,000

Subtotal: $2,805,000

35% $982,000
10% $281,000
Subtotal: $1,263,000

ENGINEER'S OPINION OF PROJECT COST $4,068,000

Table 

Engineer's Opinion of Project Costs

ITEM

Contingency
Unforeseen Conditions

Dewatering Pump Station (100 GPM)
72" RCP Pipe (75k Storage)

Control Structures
Flushing System/Odor Control

Instrumenation & Controls
Utility Allowance

Traffic Control
Restoration

Temporary Construction Dewatering  

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 6C- Sylvan Lane Stor
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Sturgeon Avenue Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 3,400 LF $330 $1,122,000
2 12 EA $7,500 $90,000
3 1 LS $50,000 $50,000
4 1 LS $75,000 $75,000

5 1 LS $75,000 $75,000
Subtotal: $1,412,000
35% $494,000
10% $141,000
Subtotal: $635,000

ENGINEER'S OPINION OF PROJECT COST $2,047,000

Dewatering
Temporary Bypass Pumping

Traffic Control

Contingency
Unforeseen Conditions

New 18" Sewer (Replace 12")
Sanitary Manhole, 48" Diameter

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 7B - Sturgeon  Conveyance
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Jefferson Avenue Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 1,800 LF $400 $720,000
2 7 EA $7,500 $53,000
3 1 LS $50,000 $50,000
4 1 LS $100,000 $100,000

5 1 LS $50,000 $50,000
Subtotal: $973,000
35% $341,000
10% $97,000
Subtotal: $438,000

ENGINEER'S OPINION OF PROJECT COST $1,411,000

Traffic Control

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 18" Sewer (Replace 15")
Sanitary Manhole, 48" Diameter

Dewatering
Temporary Bypass Pumping

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 8B - Jefferson Av  Conveyan
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Jefferson Avenue Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 500 FT $850 $425,000
3 2 LS $250,000 $500,000
4 1 LS $400,000 $400,000
5 1 LS $125,000 $125,000
6 1 LS $50,000 $50,000
7 1 LS $50,000 $50,000
8 1 LS $100,000 $100,000

Subtotal: $1,950,000

35% $683,000
10% $195,000
Subtotal: $878,000

ENGINEER'S OPINION OF PROJECT COST $2,828,000

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (100 GPM)
72" RCP Pipe (106k Storage)

Control Structures
Flushing System/Odor Control

Instrumentation & Controls 
Utility Allowance

Restoration

Contingency
Unforeseen Conditions

Temporary Construction Dewatering

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 8C- Jefferson Ave Storage
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Wilson Drive Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 100 LF $800 $80,000
2 1 LS $15,000 $15,000
3 1 LS $25,000 $25,000

4 1 LS $10,000 $10,000
Subtotal: $130,000

35% $46,000
10% $13,000
Subtotal: $59,000

ENGINEER'S OPINION OF PROJECT COST $189,000

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 10" Sewer (Replace 10")
Dewatering

Temporary Bypass Pumping

Whitewood

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 9B -Wilson Dr Conv  
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Wilson Drive Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 100 FT $850 $85,000
3 2 LS $200,000 $400,000
4 1 LS $300,000 $300,000
5 1 LS $125,000 $125,000
6 1 LS $50,000 $50,000
7 1 LS $20,000 $20,000
8 1 LS $15,000 $15,000

Subtotal: $1,295,000

35% $453,000
10% $130,000
Subtotal: $583,000

ENGINEER'S OPINION OF PROJECT COST $1,878,000

Utility Allowance

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (100 GPM)
72" RCP Pipe (21k Storage)

Control Structures
Flushing System/Odor Control

Whitewood

Restoration

Contingency
Unforeseen Conditions

Temporary Construction Dewatering

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 9C- Wilson Drive Sto
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative D - Wilson Drive Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 2,300 LF $575 $1,323,000
2 8 EA $7,500 $60,000
3 1 LS $75,000 $75,000
4 1 LS $100,000 $100,000

5 1 LS $75,000 $75,000
Subtotal: $1,633,000
35% $572,000
10% $163,000
Subtotal: $735,000

ENGINEER'S OPINION OF PROJECT COST $2,368,000

Traffic Control

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 12" Sewer (Replace 10")
Sanitary Manhole, 48" Diameter

Dewatering
Restoration

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 9D -Wilson Dr Conv 
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - Adams Road Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 3,600 LF $575 $2,070,000
2 12 EA $7,500 $90,000
3 1 LS $100,000 $100,000
4 1 LS $150,000 $150,000

5 1 LS $100,000 $100,000
Subtotal: $2,510,000
35% $879,000
10% $251,000
Subtotal: $1,130,000

ENGINEER'S OPINION OF PROJECT COST $3,640,000

Traffic Control

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 12" Sewer (Replace 10")
Sanitary Manhole, 48" Diameter

Dewatering
Temporary Bypass Pumping

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 10B -Adams Rd Conv 
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Adams Road Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 160 FT $850 $136,000
3 2 LS $200,000 $400,000
4 1 LS $400,000 $400,000
5 1 LS $125,000 $125,000
6 1 LS $50,000 $50,000
7 1 LS $50,000 $50,000
8 1 LS $75,000 $75,000

Subtotal: $1,536,000

35% $538,000
10% $154,000
Subtotal: $692,000

ENGINEER'S OPINION OF PROJECT COST $2,228,000

Utility Allowance

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (100 GPM)
72" RCP Pipe (35k Storage)

Control Structures
Flushing System/Odor Control

Instrumentation & Controls

Restoration

Contingency
Unforeseen Conditions

Temporary Construction Dewatering

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 10C- Adams Rd Storage
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - East Sugnet Road Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 100 LF $800 $80,000
2 1 LS $10,000 $10,000
3 1 LS $15,000 $15,000
4 1 LS $25,000 $25,000

5 1 LS $10,000 $10,000
Subtotal: $140,000
35% $49,000
10% $14,000
Subtotal: $63,000

ENGINEER'S OPINION OF PROJECT COST $203,000

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 10" Sewer 

Dewatering
Temporary Bypass Pumping

Traffic Control

Connection modification to P Station

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 11B -E Sugnet Conv
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - East Sugnet Road Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 236 FT $850 $201,000
3 2 LS $200,000 $400,000
4 1 LS $400,000 $400,000
5 1 LS $125,000 $125,000
6 1 LS $50,000 $50,000
7 1 LS $50,000 $50,000

Subtotal: $1,526,000

35% $534,000
10% $153,000
Subtotal: $687,000

ENGINEER'S OPINION OF PROJECT COST $2,213,000

Utility Allowance

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (100 GPM)
72" RCP Pipe (50k Storage)

Control Structures
Flushing System/Odor Control

Instrumentation & Controls

Restoration

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 11C- E Sugnet Sto 
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative D - East Sugnet Road Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 2,400 LF $575 $1,380,000
2 8 EA $7,500 $60,000
3 1 LS $75,000 $75,000
4 1 LS $100,000 $100,000

5 1 LS $75,000 $75,000
Subtotal: $1,690,000
35% $592,000
10% $169,000
Subtotal: $761,000

ENGINEER'S OPINION OF PROJECT COST $2,451,000

Traffic Control

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 12" Sewer (Replace 10")
Sanitary Manhole, 48" Diameter

Dewatering
Temporary Bypass Pumping

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 11D -E. Sugnet Conv
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative B - East St. Andrews Conveyance Job No. 20170595

ITEM QUANTITY UNIT UNIT PRICE SUB-TOTAL

1 800 LF $375 $300,000
2 3 EA $7,500 $23,000
3 1 LS $50,000 $50,000
4 1 LS $50,000 $50,000

5 1 LS $25,000 $25,000
Subtotal: $448,000
35% $157,000
10% $45,000
Subtotal: $202,000

ENGINEER'S OPINION OF PROJECT COST $650,000

Traffic Control

Table 

Engineer's Opinion of Project Costs

DESCRIPTION

New 10" Sewer (Replace 8")
Sanitary Manhole, 48" Diameter

Dewatering
Temporary Bypass Pumping

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxALT 12B -E St. Andrews Conv
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Owner: City of Midland, MI Est. Date September 4, 2018

Study: Sanitary Sewer Study By: TGM

Project: Alternative C - Jefferson P Station Storage Job No. 20170595

QUAN. UNIT UNIT PRICE SUB-TOTAL

1 1 LS $300,000 $300,000
2 60 FT $850 $51,000
3 2 LS $200,000 $400,000
4 1 LS $250,000 $250,000
5 1 LS $125,000 $125,000
6 1 LS $50,000 $50,000
7 1 LS $20,000 $20,000

Subtotal: $1,196,000

35% $419,000
10% $120,000
Subtotal: $539,000

ENGINEER'S OPINION OF PROJECT COST $1,735,000

Utility Allowance

Table 

Engineer's Opinion of Project Costs

ITEM

Dewatering Pump Station (100 GPM)
72" RCP Pipe (12k Storage)

Control Structures
Flushing System/Odor Control

Instrumentation & Controls

Restoration

Contingency
Unforeseen Conditions

Y:\201705\20170595\03_Studies\Working\ssheets\Estimates\20180502_CIP_Costshet_Estimates_TGM.xlsxAlt 12C- E St Anrews Sto 
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HRC OFFICE LOCATIONS 
 Bloomfield Hills 

555 Hulet Drive  
Bloomfield Hills, MI 48302 
(248) 454-6300 | Fax: (248) 454-6312 

 Delhi Township 
2101 Aurelius Road, Suite 2 
Holt, MI 48842 
(517) 694-7760 

 Detroit 
Buhl Building, Suite 1650 
535 Griswold Street | Detroit, MI 48226 
(313) 965-3330 

 Grand Rapids 
801 Broadway NW, Suite 215 
Grand Rapids, MI 49504 
(616) 454-4286 

 Howell 
105 West Grand River 
Howell, MI 48843 
(517) 552-9199 

 Jackson 
401 S. Mechanic Street, Suite B 
Jackson, MI 49201 
(517) 292-1295 

 Kalamazoo 
834 King Highway, Suite 107 
Kalamazoo, MI 49001 
(269) 665-2005 

 Lansing 
215 South Washington Square 
Lansing, MI 48933 
(517) 292-1488 

 


